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ABSTRACT 
This thesis is comprised of four Sections, (A, B, C, D). 
The general model is introduced in the first Section (A). 
The idea of the coupling of single particle states to a core is employed 
for the interpretation of the low lying states of odd-A nuclei. We will 
restrict ourselves to the cases where a rotational core can be used 
and suggest describing the particle states in terms of the shell model. 
A consistent interpretation of this situation can only be obtained wi th 
the picture of a spherical core, which is compatible with the experi-
mental information. A parametric description of the "intrinsic" 
properties of the core is adopted with the intention of extracting the 
re l evant parameters from the experimental data. 
If we can assume a coupling force for which a Rayleigh 
expression 
~ 
L-., O'n(r 1 , r 2) P n(cos 9 12 ) 
Yl. 
is possible , we encounter the following: the collective model 
situation of unperturbed rotational bands is reproduced as long as 
the single particle separation is large and the "Rotation Particle 
Coupling" (RPC) terms can be neglected (corresponding to the in-
clusion of up to first order corrections in energy). Good quantum 
numbers in this case are the total angular momentum of the coupled 
system J (with its projection M on a space fixed sy stem), the particle 
angular momentum j , and its projection K on a body fixed system. 
In contrast to the collective model interpretation, we find 
that the quality of the angular momentum of the partic Ie as a good 
quantum number does not depend on the coupling strength of the 
quadrupole-quadrupole force alone, but on the magnitude of this 
coupling strength in comparison with the single particle separation. 
The symmetry axis of the coupled system is determined by the particle 
monon a nd not by the motion of the core . 
A coupling term bet ween the partic l e spin and th angular 
momentum of the core 1n conjunction with the core part of the 
Ham iltoni an gives rise to a quantity which can be interpreted as a 
"de oupling parameter ". In the mode l p re sented here , the position 
of a ll the ands and the RPC terms between them , as well as the 
conventional decoupling term for the K :: t bands , are dependent on 
this parameter . 
If K i s not a good quantum numbe r , we fwd that the RPC 
terms give, to second order in energy, a c o rrection in the rotational 
parameter of t he odd-A Hamiltonian from the c ore value (as obtained 
in first orde r), and a shift of the posltion of the bands. For the 
K = t band, furthermore, the decoupling term is changed from the 
fi rst orde r value. 
Moments and transition rat s in the coupled system are cal-
cul ated. As in he energy calculations a parametric description of 
t.he core c op..tdbution s is e mp oyed . In contrast to the collective 
model, r LO connectio between the interaction parameters and the 
''lntrlnsic quadrupole moment 11 1S suggest d . 
In Section B an appli catIon of the model to the low lying 
pos itive parity s t ate s of Ne 21 in terms of the coupling of a Ne 20 
c o re a nd an s - d neutron i s presented. As p roper antisymmetrisation 
of the total system is not feasible, two differing approaches are sug-
geste for partial inclus i on of these effects. The first approach 
follows the single particle picture and adopts truncation of the 
j = 5 i 2 K = 1 / 2 band (j-j particle) , while the second approach 
dema d s t hat only a small admixture of the 1 = 2 K:: 0 states 
(L-S particle) be present 1n the wavefunctions of the lower states. 
The D1agonallsation of the energy matrices (with the aid of an 
electronic computer) gives fair results in b oth cases, with reasonable 
s ts of par amete r s. The c alcu lated quadrupole transition rates and 
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the catcui.ated quadrupole and magnetic moments of the groundstate 
compare weil with experimental data t wh1le some of the M1 transition 
rates do not show such a good agreement. 
The calculations are extended to the low lying states of F 19 in 
Section C. The coupling of an s - d p:coton hole to the Ne 20 groundstate 
ba d is sugg sted for the positlve panty states, while the structure -of 
the negative parity states is of the form p proton hole coupled to the 
e 20 groundstate band and s - d p roton hol e coupled to higher, idealised 
_egative parity rotational core states. A consistent application of the 
truncation approach with inclusion of core - particle - 2 hole terms is 
not feasible, as the number of parameters bec omes too large. Satis-
factory results are obtained for the second approach with parameters 
which compare favourably wHh the parameters used for Ne 21 . In the 
cas of the negative parity states , no definite results could be estab-
lished , as the more complicated co figuration increased the number 
of parameters. A consistent interpretatlon of the slow Eland fast 
E3 transition ra es to the posi.lVe parity states under good agreement 
of th energy values wlth experiment could t however, be established 
for a reasona Ie range of the dominant parameters. 
A final apph ation of the proposed mode l to the calculation 
of low lying positive parity states of Mg25 is given in Section D . These 
24 
sates are represented by the couphng of an s - d neutron to the Mg 
core groundstat band. The corresponding transitions and static 
moment s for the mirror nucleus A1 25 are also calculated using the 
same final (prot on) wavefunctions as for Mg2 5 . This approximation 
should be a good one i view of the close agreement of the experi-
mental energy spectra of the two nuclei. 
Case (a) 1S used with truncation of the j = 5/2 K = 1/2 and 
J = 5/2 K = 3/2 bands, while for case (b) all the possible particle 
stat s are included. Exclusion of some of the final states is necessary 
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H I lh l atter cas e. 
It was found that the term 0 the fo rm 
(~is the partic le angular momentum) has to be added to the Hamiltonian 
of the Ne 21 /F19 s y s te m . This additional term can be regarded as an 
u :.terpol ati on feature between the harmonic osci ll ator and square well 
pot entia l s. 
The re sul s fo r the energy spectrum of Mg25 below 4 MeV 
ar good In both he c as e s (a ) and (b) , whIle E2 transition rates seem 
t o be give _ better in case (b). As before , we find that the agreement 
of most of the calculated M1 transitions with experiment is not too 
sa lsfactory. The core parameters for the transitlons and moments 
gc a nd Q(2 , LL')show Ii t e variation from the Ne 20 values. This is 
1 a cco r d with he close a gree ment of the experimental values of 
Q (2 , 20) for Mg24 and Ne 20 . On the other hand , most of the parameters 
of the Hamiltoni an deviate considerably from the Ne 21 values. From 
t h e se f acts we c a n draw the tentative conclusion that the r adial part 
of the 2n - 2n pole interaction , Q'n(r 1 i r 2), will not be simply propor-
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A. THE GENERAL MODEL 
I Introduction A 
Our lack of knowledge of the true nature and form of inter-
nuclear forces has so far prevented a final solution of the nuclear 
many body problem as that given for the case of a t omic electrons by 
the Hartree -Fock method . Furthermore , the pr esent informatlOn 
(short range, great strength , hard core) indicates that a more 
gene ralised theory will be needed . So our understanding of the 
properties of nuclei is based on the int roduchon of models . 
For the explanation of low ene rgy charactenstics , the 
shell model (reviewed by Elliott and Lane (El 57)) and the umfied 
model (reviewed by Moszkowski (Mo 57) ) have enjoyed the greatest 
success. 
The shell model emphasises the independent motion of the 
s ingle particles , which are placed in a central potential well and in 
the more sophisticated versions interact through re s idual terms . 
The main success of the model has been the interpretation of magic 
numbers, ground state spins , isomeric states , B -decay and to a 
lesser extent magnetic moments. 
The model's failure to explain the magnitude of quadrupole 
moments and fast electric quadrupole transitions for certain groups 
of nuclei led to the introduction of a spheroidal well shell mod el by 
Rainw ater (Ra 50) and subsequently to the conception of the unified 
model by A . Bohr ((Bo 52) and (Bo 53)) . In the unified model the 
degrees of freedom of a group of particles in the form of r otations 
and vibrations appear i n addition to the single partic le moti on . 
Although at first sight the two models seem to be opposite 
extremes , the work of Elliott (El 58) and Bargman and Moshinsky 
(Ba 60) as well as the successful application of both models for the 
interpretation of the positive parity state s of F 19 indicate a closer 
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connection between them. The description of rotational bands, however , 
differs for the two models . The shell model coupling of a limited 
number of particles to give a rotational structure of the energy 
spectrum necessarily results in a limited number of states for the 
various bands (El 58), while the more phenomenological description 
of the system as a rotator yields an unlimited sequence of states . 
Generally in dealing with models to account for the complex 
properties of nuclear matter, one is faced with two alternatives : 
either one has to employ a large number of parameters or one has 
to give a very detailed model to establish relatlons between various 
parameters. A detailed description , however . mostly involves the 
introduction of classical concepts like the shape and surface of the 
nucleus, which have no direct counterpart in a quantum mechanical 
system. The interlinking of different quantities by means of a 
classical picture seems somewhat questionable. 
This point is stressed by the results of the detailed analysis 
of odd-A nuclei in the s-d shell in terms of the Nilsson model by 
Bhatt (Bh 62) and the asymmetric core model by Chi and Davidson 
(Ch 63). In both cases the parameters of the intrinsic quadrupole 
moment (II.. in the case of the Nilsson model; B, 'Y in the case of the 
asymmetric core model), as determined from the fitting of the 
energy spectrum, fail to give the experimental values of the quad-
rupole mom ents and E 2 transition rates. The crucial point for this 
failure seems to lie in the specification of a definite shape for the 
nucleus in order to determine the relation of the parameters of the 
spheroidal part of the single partic le potential with the quadrupole 
moment. 
To avoid these difficulties and at the same time keep the 
number of parameters as small as possible, it is suggested here to 
describe the low lying states of odd-A nuclei in terms of the coupling 
-3-
of a neighbouring even-even nucleus (core) and an outside partlcle or 
hole. This idea of a "core-particle coupling model" 1S extensively 
used within the framework of both the shell and collective models . 
The Hamiltonian of the coupled system w1ll then be 
(1 1) 
where Hc is the Hamiltonian of the core, Hp the Hamiltonian of 
the particle (hole) and Hcoupl is the coupling term . 
Rather than describe the core by any detailed model , one 
need only specify the angular properties of the core and can (at 
least in principle) extract the resulting (rad1al) parameters for the 
calculation of energy, transitions and moments from expenment . 
If we confine ourselves to an even-even nucleus with a 
rotational ground state spectrum of the sequence 
L=0,2,4, ..... , (1. 2) 
the corresponding core eigenfunctions are 
(1. 3) 
Here \ intr(a); represents the radial part, and I L ML> is the 
angular part of the wave function. The energy is 
(1. 4) 
with C = 112 /29 and 9 the moment of inertia. This could be inter-
preted in the following ways: 
Equations (1.2) - (1.4) 
(a) arise from the appropriate coupling of conventional 
shell model states; 
(b) represent a spherical quantum mechanical rotator; 
(c) represent a spheroidal quantum mechanical rotator with 
a=K =0. 
L 
In case (c) we would have to consider the outside particle 
motion in a non-spherical field with a particle Hamiltonian of the 
form 
H = H(r) + V(br) . p 
-4-
(l. 5) 
Here H(r) is a conventional spherical shell model Hamiltonian 
(i.ncluding the spin orbit term and other possible refinements) , 
while V(~r) represents the non-spherical term which in an oscil-
lator picture is given by the expansion of the r adius in terms of 
spherical harmonics. For a Hamiltonian o f the t y pe (l. 5) the total 
angular momentum of the particle j is generally not a good quantum 
number. The quality of j as a good quantum number depends on the 
magnitude of the deformation. A particle of thiS ty p e i s u sually 
described by the Nilsson model (N i 55) , good quantum numb e rs b eing 
N, the total number of oscillator quanta , """iL: t h panty and D. (with 
a degeneracy in t D caused by the axial sym m et ry), the proJection 
of the total angular momentum on a body flxed aXi S. 
Rather than investigate the inte rplay of rotational motion 
and the particle described above, which is a basic problem of the 
unified model, we will consider the first two cases. In this context, it 
should be noted that the cases (b) and (c) cannot be distinguished by 
experiment . 
For the cases (a) and (b), the single particle Hamiltonian is 
spherical and j is a good quantum number. If we proceed to couple 
this shell model particle to the core by means of a quadrupole-
qu a drupole interaction between core and particle (and possibly terms 
of higher order), we find that j is a good quantum number, as long 
as the energy splitting introduced b y the interaction potential is 
small compared to the single particle splitting. In the course of 
the diagonalisation of the interaction Hamiltonian (without reference 
to a body fixed system) the introduction of a new quantum number 
b e came necessary . It can be shown by proper transformation of the 
coupled wavefunctions, that this quantum number is the projection of 
the particle angular momentum K on a body fixed axis , as we can 
- 5-
describe a spherical s yste m (1.3) by \ L ML KL = 0). The equiva-
lent projection quantum number of the combined system of core and 
particle K = K + KL is then equal to K and the situation enc ounte red 
cp 
for the low lying states of odd-A nucle i in the umfied model is re-
produced. (Conventional nomenclatur e in the unified model: 
Kcp ~ K; K ~ D ; and Kcp = K ~ K =.0.). The core part of the Hamil toman 
(1. 1) then provides for various rotational bands based on j and K as 
long as the "Rotation-Particle Coupling" terms (Ke 56) can be treated 
as perturb ation. 
The collective nature of the core E2 transitions can not be 
explained by deformation with this interpretation , but should lDvolve 
an appropriate interplay of all the core parhcles. With a quadrupole 
moment operator of the form 
QM(c) = eZR~ Y2 , 0(c) (1. 6) 
we find for the equivalent of the "intrinsic quadrupole moment 11 of 
the wavefunction (1 .3) 
< intr \I ZR~ II intr > 
the estimate 
(intr II ZR~ \Iintr> ~ ~ (1. 3)2 ZA 2/3 x 10- 26 cm 2 (1. 7) 
although shell structure is not taken into account. This give s , 
e . g . , for Ne 20 
(i.ntr IIZR~II intr) = 7. 5 )(10- 25 cm 2 (1. 8) 
In connection with the assumption of a spherical core the 
interesting question can be raised, whether the KL - quantum numbe r 
of some of the higher bands in even-even nuclei can be i nterpreted 
as dummy particle-hole excitations coupled to the spherical ground-
state band with KL = O. 
The model, however, raises two problems. If we use the 
wavefunction (1. 3) for the core instead of a much mor e complicated 
n-particle wavefunction, we gain much in simplicity of the calculation. 
But as in any collective model calculation , we lose the possibi lity of 
-6-
antisymmetrising our coupled wavefunct ions wl th respe ct to e x c hange of 
add itional particle and core particles, fo r we do not know t h e de pendence 
of the core co-ordinates on the single pa rti c le c o-ordi n a t e s. A possi b le, 
though crude way to account partly for anti s y mmetri sation is give n b y 
the "truncation process II (see Ch. 63) . 
The second problem lies in the c o nce pt of t h e c ore . The validity 
of this concept can only be supported b y the result s of t h e detailed cal-
culation . 
For a shell model case, the calculahons of Lane (La 56 ) can be 
mentioned . The author interprets the posltive parity states of N 1 3 and 
C 13 b y coupling a 2s-1d particle to the p arent configuration (lp) 8 of C 12 
and antisymmetrising the wavefunctions of the combined system p r operly. 
He states that even though the 2s-1p and 1d -1p interacti on integrals are as 
large as the 1 p-1 P interaction inte g r a l, the coupling o f th e extra par ti c l e 
does not seem to affect the core crucially . 
If a totally undisturbed core can b e assumed, the co r e-particle 
s y stem, in our case, c an be interpreted as the couple d s y st e m of a 
fermi on and colle ctive phonon states (Bo 52) , for which F e rmi stat i s tic s 
do not apply . So both objections seem to b e related. 
In the remainder of section A , a discussion of the Ham iltonian 
(1. 1) (chapter II), the diagonalisation of this Hamiltoni an (c hapter III) 
and the calculation of moments and transitions in terms of the final wave -
functions (chapter IV) are presented. The s e ction is conclud e d by an 
a pp e ndix (chapt e r V) containing the d e t a ile d mathe matical appar atus. 
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II The Hamiltonian of the Core-Partlcle System 
For the particle part of the Hamllt om aL (l. 1) Hp we take 
H =T+ V (r ) -D(s.l) , P p--
(2. 1) 
where T is the kinetic energy, V(r p ) any single particle shell model 
central potential and the parameter of the spin orbit force D is greater 
than zero. 
The corresponding normalised j -J coupling wave function then 
take s the form 
I j mj > = I n; j mj; 1/2 1 > (2. 2) 
= > '. (1/2 1 j; ms m l mj) \1 /2 ms) In; 1 m l> 
mI. tv\. $ 
where (1/2 1 j; m m l m.) is a Clebsch-Gordan coefficlent, s J 
\ 1 /2 ms) is th e spin wave function of the parncle and 
(2. 3) 
is an eigenfunction of 
HI = T + V(r ) p p 
(2 . 4) 
For the following we will use the normalisation and phase convention 
of Rose (Ro 61) and Condon-Shortley (Co 51) for the Clebsch -Gordan 
and related coefficients . 
The following argument leads to the first term of H coupl 
In an optical model calculation (the shell model is essentially a version 
of the optical model without the absorptive (imaginary ) part of the 
potential), the spin orbit force is introduced in the following way (Pe 55). 
Consider the scattering of a nucleon with spin s and initial and final 
momenta ~i' ~f' The lowest order scalar term that can be constructed 
from these quantities is 
(2 . 5) 
To flr s t order the spin orbi t potential is then given by 
S i 6k. r 3 U 1 (r) oc. e - - (~. (!:i )(~f) ) q( 6k ) d (6k) (2 . 6) 
where ..6.k = ~f - ~i is the momentum transfer and S'is the density 
distribution of the scatterer, which is presumed to be spherically sym-
-8-
metric. Evaluation of the Fourier integral (2. 6) gives 
U
1 
(r)o<.l [) .9(r) (s.l) (2.7 ) 
r 'l)r --
where 1 i.s the angular momentum of the pa rticle. In our case J we 
are not only concerned with the scatte red particle but also with the 
interacting particle (or particle group) in th scatterer. So we have 
to work in the corresponding centre of gravity system and consider the 
term 
(2. 8 ) 
where ~i J ~f are the initial and final momenta of the struck particle 
(group). 
In the c. g . system the mom enta of the scattered and the struck 
particle are in opposite directions. If we wnte the corresponding 
integral U 2 with respect to the same basis vectors as employed in the 
case of U 1 J we obtain 
r -i 6K. R 3 U 2 (R) O<J e - - (~ . ((-~i)x(-~f))) q' (-6K) d (.6K) . 
Evaluation of this Fourier integral under the assumption that 
spherically symmetric yields in analogy to equation (2. 7): 
1 U f?' (R) 
U 2 (R)oc - R 'U R (~. ~) J 
where L is the angular momentum of the struck part icle . 
(2. 9) 
<5 ' is 
(2 . 10) 
If we take the proportionality constants in equations (2. 7) and 
(2 . 10) (including the Thomas term) negative J we get besides the spin 
orbit force in equation (2.1) J the term 
+ D' (~.~) (2.11) 
which couples the particle spin to the angular momentum of the core . 
As (] represents the density distribution of the whole core J 
?' the density distribution of the core minus the struck particle group 
plus the outside particle J we should have to first order D' ~ D J but ex-
change terms are neglected in this argument. 
For the second part of the coupling term between the particle 
(described by equations (2 . 2) and (2.3)) and the core we use a 2n - 2n 
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pole force of the usual form 
H(c,p) = L.a n (R c , r p )(2n + 1) P n(cos Gc , p ) . (2 . 12 ) 
n. 
Thi s expression i s the Rayleigh expansion of a two body interaction 
potenti al depending on t he separation of the two partic les. If the 
inte r achon is given in a ny specified form V(R ) , the radIal part C , p 
of the expan sion can be calculated by the following integral over the 
a gul ar part s of core and partic le space (Sw 5 1) 
Sv Rc , p) P n (c os Gc , p ' dOc aO p 
2 n..L 1)SP~ (c os Gc • p ) d[2c dQ p 
(2. 13 
In collective model calculations a long range force i s usually employed. 
The corresponding expressi on for the raOlal part of the expanSIon ,a n 
in a space fixed s y stem takes the normalised form 
(2 .14) 
This expre sslOn indicates , that as long as t he respective coupling 
strength par ameter s fn are of a comparable magnitude. terms with 
n > 2 cannot necessarily be neglected . 
For the coupling of a particle with j = (2t + 1)/2 (t = O. 1 , ... ) 
to a core wIth a ngular mome ntum L = 0 , 2, 4 ... . .. only terms with 
n = O. 2, 4 , . . . ..• 2t give contributio s by virtue of the parity seleclloL 
rules for the core part of the interaction and the angular mom entum 
selechon r u les of t h e parti cle part. The term with n = 0 gives only 
a cons tant c ontribution and will be suppressed in due cou rse by sui ta le 
norm a lis ati on of the energy. 
Usmg the a diti on theorem for the Legendre polynomials 
(Ro 61, p. 60 ), we c an write the angular part of the interaction (2 . 12) 
in a more suitable form as the contraction of two tensors (absorbing a 
factor 41L 1 _t o the definition of the 
H (c , p ) = L Hn 
h.. 
(2 .15) 
-10-
For the core part Hc we us e 
with the eigenfunctions (1. 3 ). 
The total Ham iltonian takes then the form 
H=H + H +D'(S.L)+\)'H 
c p -- L-..on 
"'-
where the d ifferent parts are given b y equations (2.1) . (2.15) and 
(2 . 16) . 
(2 16 
(2 . 17) 
~ -11-
III Diagonalisation of the Hamiltonian 
The diagonalisation of the Hamiltonian (2. 17) is carried out in 
two steps. We choose as a zero order w ave function 
\J M , L j;' = C (L j J ; ML m j M) \L MLO:')(j mj'> , (3.1) 
ML ""j-
the Clebsch-Gordan coupled wave function of the core and outside 
partic le . and consider the part 
H(l)=Hp +HZ (3. 2 ) 
of the total Hamiltonian. 
The standard angular momentum coupling rules (Ro 61 , p . 36) 
for the coupling of a core with L = O. 2 . 4 , ... . and a particle with 
j = 1/2 . 3/2 . . .. .. to a total ~ = ~ + 1 gi ve contributions from the 
following L -values for a fixed J (and J) : 
J - j = even : L = J - j, J - j + 2, . . .. . , J + j - 1 
(3. 3) 
J - j = odd : L = J - j + 1 , J - j + 3, ..... , J + j. 
Here L = 0 can occur only for L = J - j and naturally only combinations 
that give positive L -values are admitted. 
In the representation (3 . 1) the matrix elements of Hp are 
already diagonal and we obtain 
<J, L j I Hp I J, L 1 j 1) = (3.4 ) 
(For detailed description of the evaluation of the matrix elements a nd 
other detailed calculations , see Chapter V). We can omit the depen-
dence on the magnetic quantum numbers M , as no term in our Hamil-
tonian splits this degeneracy. 
The operator H2 connects states with ~L = 2. The results 
of the diagonalisation process for the matrix 
.{ V 6' LL 1 - < J , L j I H2 I J, L 1 j > } (3. 5) 
and of the calculation of the expansion coefficients of the corresponding 
eigenfunction I J M, j K) in terms of the wave functions (3. 1) 
-12-
J =- j 
J~ 13/2 11 /2 9/2 7 /2 5 / 2 3/2 1/2 
13/2 52 28 8 -8 -20 -28 -32 Q13/2 
110 50 2 34 58 70 Q 11 / 2 11 / 2 -3- 3" -T - 3 - T 3 
9/2 24 8 -4 -12 -16 Q9 / 2 
7/2 14 2 -6 -10 Q7 / 2 
20 4 16 Q5 / 2 5/2 3 -3" -3 
3/2 2 -2 Q3 /2 
1 /2 0 0 
J < j 
j K 9/2 7/2 5/2 3/2 1/2 
9/2 7/2 8 -4 -12 -16 
5/2 -4 -1 2 -16 
3/2 - 12 -1 6 
Q9/2 
1/2 -16 
7/2 5/2 2 -6 -10 
3/2 -6 -10 Q7/2 
1 /2 -10 
5/2 3/2 - 4 - 16 
"3 3"" 
Q5/2 
1 /2 16 -
3"" 
3/2 1/2 -2 Q3/2 
I 
TABLE I 
D iagonal Elements of H2 in R e pre sentation (3.6) 
For the radial part of the interaction the decomposition 0'2 = O'2 (c)O'2(P) 
is assumed. The parameter Qj is given in equation (3 . 19). For e ach 
K only values of J = K , K+l, .. . .. are admissible . We find 
~ 
L, < J , j K I H 21 J , j K> = 0 (Spectros cop i c stability theorem). 
K 
-13-
\J M , j Ki = La~,j (L)/J M, L j> 
L, 
(3 . 6) 
(wIth K = 1 /2, ..... , j; J = K, K+1 , . .. . . ) are summarised in 
Tables I and II respectively for values of j up to 13/2 and 9/2 (see 
Vb). For a complete classification of the eigen-states the intro-
duction of a new quantum number K was required. 
The connection of this number with the collective model K j , 
the projection of the particle angular momentum on a body fixed system , 
can be seen in the following way (see Vc) . We re-write equation (3 . 6) 
by transforming the right hand side to a nuclear co-ordinate s ystem as 
where 
(3. 8) 
K.) 
J 
is a special form of a "strong coupling wave function". The:J are un-
normalised symmetric top eigenfunctions , Ij K .> are the odd particle 
J 
wave functions in a body fixed system and )( 0 is the intrinsic part of 
the core wave function in the same co-ordinate system. With the cal-
culated values of a~' j (L) from Table II and the given values of the 
Clebsch-Gordan coefficients (for j = 1/2,3/2: (Co 51); j = 5/2: 
(Sa 55); j = 7/2, 9/2withL~4: (Si 54)), we obtain for a p rope r 
choice of phase of the a~' j (L) 
1 > ' [2(2L+1 n '2 
L' (2J+1)J aK
J 
,j (L) (L j J; 0 K· K .) = J J 
(' 
°KK . 
J 
So we see that our eigenfunctions (3. 6) are identical with the 
strong coupling wave functions (3 . 8) 
(3. 9) 
(3.10) 
-1 4-
~ J - ~ J - ~ 3 j J+-2 2 2 
\:: 
eli 
1 1 + 1 > eli 2" 2" 
" 
.~
I 
...., 
3 3 
- ~ [ 3 (2J+3) J t _~ [(2J-1)]t ~ 2" -a 2 (2J+2) 2 (2J+2) -a 
0 
" 
_ ~ [ (2J -1) ] t 1 .~I 1 
.!. [3 (2J + 3) 1 2 ...., 
2" 2 (2J+2) 2 (2J+2) • 
1 1 1 
5 5 .!. [ (2J+5)(2J+3) ] 2 1 [10 (2J+5)(2J -3) ] 2 1 [5 (2J - 1 )( 2J - 3)] 2 ~ 2" 4 (2J)(2J-2) 4 (2J+2)(2J -2) 4 (2J+2)(2J) 
t:: 
eli 
> 1 
[ (2J - 7)2 1 t 1 eli 3 ~ [ 5 (2J+3)(2J-3) J 2 1 _ ~ [ (2J+5)(2J -1) 1 2 
" 2" 4 (2J)(2J-2) 4" 2 (2J+2)(2J -2) 4 (2J+2)(2J). .~I 
...., 
1 
_ 3. [(2J+3)(2J -1 )] t ~ l (2J+5)(2J+3)] t 1 ~ [10 (2,J-1)(2J-3)r 
2" 4 (2J)(2J -2) 4 (2J+2)(2J-2) - 4 2 (2J+2)(2J) 
~ J-~ 2 J+.!. 2 J+~ 2 
1 -a 1 -a ~ 2 - 1 0 
" 
.~
I 
! [ (2J+~) 1 t ...., 1 3 3 1 [ (2J-1)] 2 \:: 2: 2" 2 (2J)_ 2" 3 (2J) eli > 
eli 
" .~ 
1 ~ ( 3 (2J - 1) 1 t .!. [(2J+3)] t I 2" ...., 2 (2J) _ 
- 2 (2J) 
1 1 
_1 [(2J-3)(2J-1)] t ~ 5 1 [ (2J+5)(2J+3) ) 2 1 ( (2J+5)(2J -3)] 2 2" 4 .5 (2J+2)(2J) - 4" 10 (2J+4)(2J) 4 (2J+4)(2J+2) 
-a 
-a 
0 
1(2J+3)(2J-3) J 1 1 [ (2J+9)2 ] t ~ ( (2J+5)(2J - 1)r " 3 3 '2 .~ 2" - 4" 
. (2J+2)(2J) + 4" 2 (2J+4)(2J) - 4 5 (2J+4)(2J+2>, I 
...., 
1 1 3. [(2J+3)(2J-1)] t 1 _ ~ (2 (2J-3)(2J-1)] '2 1 [ (2J+5)(2J+3)J2 2" 4 (2J+2)(2J) + 4 (2J+4)(2J) - 4" 10 (2J+4)(2J+2) 
TAB LE II 
Expansion coefficients a~' j (L). 
The phas es are chosen to insure the validity of equation (3.11). 
t--3 
p.l 
u 
.-. 
ro 
"'"" 
"'"" 
...-. 
() 
o 
~ 
r+ 
j = 7/2 
J - j = even 
~ J - 7/2 
1. 1 U 2J + n ( 2J + H ( 2J + r l] t 2 8 {2J 2J-2 2J-4 
j 1[7{2J+H {2J+r~ (2J-fl} t 2 8 {2J 2J-2 2J-4 _ 
1 1[ 21 (2J + J) (2J -1 Z ( 2J - 5 II t 2 8 (2J) (2J-2 2J-4 . 
1 1[35(2J-1~(2J-r~(2J-~l] t 2 8 (2J) 2J-2 2J-4 
- - -
J - j = odd 
~ J - 5/2 
1. 
_ 1[7(2J+:Zl~2J+H(2J+rLl t 2 8 (2J+2 {2J 2J-2 
.2 
_ j[(2J+2}~2J+N(2J-~l]t 2 8 {2J+2 {2J 2J-2 
1 
_ ll3(2J+Jl ~2J-r~ (2J-~lJ t 2 8 (2J+2 (2J 2J-2 
1 _1[5{2J-1l~2J-N(2J-r)]t 2 8 (2J+2 (2J 2J-2 
---
J - 3/2 J + 1/2 
1 [21 (2J +7 l ~ 2J + H (2J- f II t 8 {2J +2 {2J 2J-4 _ 1 [35 ( 2J + 7 l ~ 2J - r ~ ( 2J - ~ l] t 8 {2J+4 (2J 2J-2 
1[ (2J+~~(6J-12)2 1t 8" 3 {2J+2--2JH2J-4) , l[ ~2J-JH2J+12l2 ]t - 8" 5 -2J+4·-2J){2J-2) 
1[ (2J-
r
t(2J_2 2)2jt 
'8 {2J+2--2J) {2J-4) 1 [ ( 2J + ~ H 2J - 2 l 2 ~ t - 8" 15 {2J+4)-2J){2J-2) _ 
_ 1[ 15( 2J +J) ~ 2J-1~ (2J-
r
lj t 8 {2J +2 {2J) 2J-4 1 [( 2J + 2) ~ 2J + r ~ ( 2J -1 l] t 8 {2J+4 (2J 2J-2) 
----~ 
J - 1/2 J + 3/2 
_ 1[35~2J+:Z~ ~2J+2~ ~2J-2~J t 8 2J+4 2J+2 2J-2 1[21(2J+:Z~~2J-Jl~2J-~ll~ - 8 {2J+ (2J+2 (2J 
1 [ (2J+~) (2J-17l 2 '1 t 
- 8" 5{2J+4)-2J+2){2J-2) 1 [ (2J-1~(6J+2~}2 It 8" 3 {2J+b--2J+2)-2J) _ 
l[ (2J- Jl (2J+7)2 ' ] t 8" 15{2J+4) (2J+2) {2J-2) * (2J+H(2J+1t}2 It - 8 {2J+b--2J+2)-2J) 
1[~2J+J~~2J-1~~2J-J~]t 8 2J+4 2J+2 2J-2 _ 1[15(2J+2~~2J+Jl ~2J-ll]t 8 {2J+ {2J+2 (2J) 
-
- ~ .-
J + 5/2 
ll7{2J-l l ~2J-Jl ~2J-r}1 t 8 {2J+4 {2J+2 {2J 
j [( 2J +:Z l ~ 2J- J l ~ 2J-1 l1 t 
- 8 {2J+4 {2J+2 {2J) 
1 [3 ( 2J +7) ~ 2J + 2} ~ 2J -1 II t 8 {2J+4 (2J+2 (2J) 
1[5(2J+:Z) ~2J+2l ~2J+rl]t 
- 8 (2J+4 (2J+2 (2J 
-. 
J + 7/2 
_ 1[~2J_1~~2J-J~~2J-2~]t 8 2J+b 2J+4 2J+2 
1[7~2J+~~ ~2J-1~ ~2J-J~]t 8 2J+ 2J+4 2J+2 
_ 1 [21 ~2J +~~ ~ 2J + 2~ ~ 2J-1~ Jt 8 2J+ 2J+4 2J+2 
ll35~2J+~~~2J+~~f2J+J~lt 8 2J+6 2J+4 2J+2 
--
I 
I 
I 
I 
I 
~ 
C)l 
I 
1-3 
~ 
r-' 
(t) 
H 
H 
-n 
o 
~ 
. 
---
~ 
~ 
'2 
7 
'2 
5 
'2 
:\ 
2" 
1 
2" 
q 
"2 .I - J PV<.'II 
.I _ i! 
2 
~ [( 2.T+:J)(2J+5)(2.)+7)(2J+g) 1 ; 
16 (2.1)(2J-2)(2.1-4)(2J -6 ) 
.1 21 (2J+7)(2.)+5)(2J+3)(2.1-7)J 2 
16 (2J)(2J-2 )(2.J-4)(2J -6 ) 
1 
~ l (2J+5)(2.1+3)(2J-5)(2,)-7) ] 2 
16 (2J)(2.1 -2 )(2J-4)(2J -6 ) 
1 
2 [21(2J - 7)(2.)-5)(2J -:1 )(2J +3 )'1 2 
16 (2J)(2.! -2)(2J -4 )(2.) -6) , 
2 i H(2J-l)(2.J-3)(2J-5)(2J-7)] ; 
16 (2J)(2.1-2)(2J-4)(2J-6) 
J - J odd 
r:;: 7 J - l' 
q 
-=2 [( 2J+9)(2.)+7)(lJ+5)(23+3) ] l 
'2 16 (2J+2)(2.))(2J-2)(2J-4) 
1 
7 _ 2.. [(2J+7)(Z.J+ 5)(2J+l )(2.J -7) I 2 
'2 16 (2J+2)(2.1)(2J-2)(2J-4). 
1 
'; -.!..Q r12J+5)(2.)'3)(2J-5)(2.1-7)]' 
1 16 . (2.J+2)(2.J)(Z.I-2)(1.J-4) . 
3 ~ r 21(2.1+3)(2J-3)(2.)-5)(2J-7) ] 1 
2 16, (2.J+2)(lJ)(2.1-2)(2.)-4) 
~ 114( 2.1 -1 )(2J -1)(2.1 - 5)(2J -7)] 1 1 
2 16 (2J '2)(2J)(2.J - 2)(2.1 -4) 
.I - % 
~ 1 (2.J+5)(2J+7)(2J+9)(2J -7) II 
16 (2J+2)(2J)(2J -2 )(2J-6)_ 
2 [(2J+7)(2J +5 )(10.)-39)21 1 
16 (2J+2)(2J )(2J -2 )(2J -6), 
4 (2H5)(2J -5)(4J-Zl)" 2  r 
16 1 (2J+2)(2J)(2J -2 )(2J -6) 
1 
12 [ 21 (2J -5 ) (2.)-3) . 2 
-16 (2J +2 )(2J)(2J -2 )( 2J - 6) 1 
_2. [14 (2J+3)(2J -l )(2J-3)(2J-5)] i 
16 (2J +2 )(2J)(Z .1 -2 )( 2J -6 ) 
J - ~ 
2 
~ [ 21(2J+D)(2J+7)(2J I 5)(2J-7) 1 ; 
16 (2J+4)(2J+2)(2J)(2J-4), 
? ]1 
-2 [21(2J +5 ) (2J - 7) (2.1-11 )" 2 
16 (2J+4)(2J +2)(2J )(2J-4) 
20 1 21 (2H5) (2J -5) 1 i
16 , (2J+4)( 2J+2 )(2 .1 )(2J- 4 ) 
4 I (2J-3)(2J-5)(4.J+13)2 1 ; 
16 (2.J+4)(2J+2)(2J)(2J-4) 
2 \ 6(2J+3)(2J-l)(2.1-3)(2J-5) 1 ) 
16 (2J +4 )(2J +2 )(2J)(2J-4)_ 
J - .!. J + ~ 
2 2 
~ [ 14(2J+9)(2J+7)(2J-5)(2J - 7)J i 
16 (2JH)(2J+2)(2J-2)(2J-4) 
2 [ 21(2J+Q)(2J 3)(2J-5)(2J-7)1 1 
16 (lJ+6)(2J+2)(2J)(2J-2). 
1 [ 14(2J+7)(2J-5)(2J-31 )2 11 
16 (2.1>4)(2J+2)(ZJ-2)(2J - 4) 
-2 [ 21(2J-3 )( 2J-S)(2J+l3 )2r 
16 (2J +6 )(2J+2)(2J)(2J-2) 
-2 l1 4 (4J 2 + 12J - 67 )2 1; 
16 (2J+4 )( 2.J+2)(2J -2 )( 2J -4 ), 
20 [ 21 (2J+7) (2J -3 ) J i 
16 (2J+6)(2J +2 )(2J)(2J -2) _ 
-2 [ 6 (2J+5) (V-3)(2J-ll)2 1 } 
16 (2h4)( 2J+2 )( 2.!-2 )( 2J-4 ) , 
4 [( 2J+7) (2J+5 ) (4J -9)2 -Ii 
16 (2.1+6)(2J'2 )( 2J )( 2J-2 ). 
~ [ (2J+5)(2J+3)(2J-3)(2J - l)] ~ 
16 (2J+4)(2J +2 )( 2J-2 )( 2J-4) 
~ [ 6(2J+7)(2J+5)(2J+3)(2J- l)] l 
16 (2J+6)(2J+2)(2J)(2J-2) 
J+.!. J + 5 
2 'Z 
-=2 rI4 (2J+9)(2J+7)(2J-5)(2J-7)'\; 
16 (2J+6)(23+4)(2J)(2J-2), 
.:.2 [( 2J+9)(2J-3)(2J-5)(2J-7) ] l 
16 (2J +8 )(2J +4 )(2J+2)(2J) 
~ [ 14(2J+7)(2J-5)(2J+33)2I i 
16 (2J +6 )(2H4)(2J)(2J -2 ) 
2 I (2.J-3)( 2J-5 )(10J+4 9)2J ~ 
IT ,(2.1+8)(2J+4)(2J+2)(2J) 
2 1 14 (43 2 - 4J - 75)2 ] l 
16 (2J+6)(2H4 )(2J)(2J - 2) 
-4 [ (2.J+7)(2J- 3 )(4J~25 )2'1 l 
16 (2J+8)(2J 14)(2J+2)(2J) 
-2 [ 6(2J+5)(2J-3)(2J+13)2 ' \ ~ 
16 (2J +6 )(2H4)(2J)(2J -2) . 
12 i 21 (2 .1+7) (2J+5) ) t 
li3 (2J +8 )(2J +4)(2J+2)(2J) 
.:.2 [ (2J+ 5)(2J+ 3 )(2J -l)(2J-3)] ; 
, 1 
2 [ 14(2J+7)(2J+5)(2J+3)(2J -1) J 2 
16 (2HG)(2J+4)(2J)(2J-2) 16 (2J+8 )(2J 14)(2J)(2J+2) 
J+2 
2 
2 f(2J -1 )( 2J -3 )(2J -5)(2J -7) 1 i 
16 i (2J+6)(2.1+4)(2J+2)(2J) . 
1 
:.2 i (2J+Q)(2J -1 )(2J - 3)(2J - 5) l' 
16 (JJ+6)(2.T+4)(2J+2)(2J) 
1 
.!..Q f (2J+9)(2J+7)(2J-l)(2J-3) \ ' 
16 . (2J+6)(2J+4)(2J +2 )(2J) 
~ l 21 (2J+9)(2J+7)( 2J+5 )(2J -l ) 1£ 
16 (2J+6)(2J+4)(2J+2)(2J) 
~ (1 4(2J+9)(2J+7)( 2.1+5)(2J+3) 1; 
16 (ZJ+6)(2J+4)(2J+2 )(2J) • 
J+~ 
2 
~ [(2J-l )(2J-3)(2J-5)(2J-7) ] l 
16 (2J +8)(2J+6)(23+4)(2.1+2) 
1 
3 l (2J +9 )(2J-l)(2J -3 )(2J-5) 'I i 
16 (2J+8 )(2J+6)(1J+4)(2J +2), 
1 
-6 [ (2J+9)(2J+7)(2J-l)(2.1-3) ] 2 
16 (2J+8 )(2J "6)(2J+4)(2 J+2) 
2 [ 21( 2J+9)(2J+7)(2J+ 5)(2J-l) 1 ; 
16 (2J+8)(2J +6 )(2J+4)(2')+2) 
.=2 [ 14(2J+9)(2J+7)(2J+5)(2J+3) 1 ; 
16 , (2J+8)(2J+6)(2J+4)(2J+2) 
~ 
CJ) 
-17-
and that the expansion coeffIcients a~' j 'L) can be glVen by the closed 
expression 
1 
J , j \2(2L+1)} 2 
a K (L ) = l (2 J + 1 ) (L j J; 0 K K) 
(3.11) 
As we have a sequence of J = K, K+1 , . .... for each value of K and 
find that the eigenvalues of H2 are inde pendent of J, we see tbat these 
eigenvalues form the bases of various bands, the same as found in the 
collective model. It is interesting to note that the degeneracy of the 
wave function (3. 6) in K and - K is brought about automatically in the 
p rocedure presented here. 
Had we used a different core function 
1 
\ L , M n ) = X r 2 L+ 1 \2 r» L 
.0- l 8 [2 M,D. 
with L = D , .0+1, ..... , we would have obtained 
and 
1 
I J M K +Q, j K:> = l-2J+11 2 '1/ \jK>~J 16 ~I' 2 fvn ~ M, K~S2 
aJ , j (L) = 
K ,Q. 
1 
l2 (2L+1)-\2 (L j J ; .Q K K +fl.) , (2J+1) _ 
(3.12) 
(3.13) 
(3. 14 ) 
if we assume a relation similar to equation (3 .9 ). In this case , there 
is no natural degeneracy in the K quantum number (- j -= K ~ j) and for 
each j the J -sequence of the different bands depends on the value of D. . 
We will, however , not pursue this line any further. 
The eigenfunctions of H2 in equation (3 . 6) are eigenfunctions 
of any of the operators Hn (n = 4 , 6, ..... ) . For a special choice of 
the co-ordinate s y stem , we have (Ro 61, p. 59) 
Hn oc Y 0 (g , 0) , 
n, 
(3.15) 
which follows from the invariance of the tensor contractions Hn 
under rotations. As the coupling rules for spherical harmonics 
(Ro 61, p. 61 ) give 
Y n , 0 = b 1 (Y 2 , 0 Y n _ 2 , 0) + b 2 Y n - 2 , 0 + b 3 Y n - 4 ,0 ' (3.16) 
-18-
we find that if any eigenfunction diagonalises H 2 , it WIll diagonalise H4 
and subsequently H6 etc. 
Using the general formulae developed in the theory of angula r 
momentum coupling, we can express the matrix elements of Hn in 
representation (3.6) in the general closed form (see Vd): 
(' L2n+1] t (JM, jK\HnIJM, j'K')= 0KK'L4 1t (j'nj ; KOK) 
3 . ] 7) 
x: <,mtr II antc) 1\ intr>< j /I Hn(p) 1\ j' > , 
if we assume a to be of the form a (c a (p ' . Besides the selectlon 
n n ' n ' 
rule 
6K = 0 (3. 18a) 
we find 
J' = j + n, ..... , Ij - n \ 
and (3. 18b) 
l' = 1 + n, 1 + n- 2 , ..... , 11 - n I 
from the properties of the Clebsch-Gordan coefficients and the 
properties of the reduced particle matrix element 
<J \\Hn(p)!l j'> = (j 1/2 1 1lHn (P)I j'1 / 2l ' > 
For n = 2 and j = J' , equation (3. 17) agrees with the expression 
with 
Qj = ~[~(2j+3)(2j}2){2j){2j-1)1t <intr lIa2 (c) II intr) I( j IIH 2 {P )1I J> , 
(3 . 1 9) 
which can be obtained by means of a table of differences from the 
values given in Table I (see Vb). 
If we write 
(~)2 = (D 2 + (1/ 2(LD (3 .2 0a) 
= (D 2 - (])2 2(f:- . D (3.20 ) 
we have in equation (3. 20a) the rotational part of the customary collective 
model Hamiltonian (Mo 57, p. 532). The term 
-19-
represents the rotation particle coupling RPC (Ke 56) . W e see t hat 
RPC is included in our Hamiltonian , as we have 
(3 . 22) 
The matrix elements of H = C(L)2 in representation (3 .6) 
c -
can be calculated with standard methods (see Vel · The results are 
<J , j KI Hc l J, jl K» = C &"1 (J(J+1) + j(j+1) JJ 
-2K2 + (_)J+j (j+1/2)(J+1/2) d' 1 ) , (3.23 ) 
K 2 
1 
<' J , j K I Hc I J , j 1 K' > = -C & .. l LJ(j+1) - K(K+ 1)1 2 JJI K'K+ 1 J 
1 
X [(J+K+ 1) (J -K)) 2 (3 . 24a ) 
1 
<'J, j KIHcl J, jl K '> = -C &jjl 6K'K - 1 U(j+l) - K(K-1)J 2 
1 
x[(J+K) (J-K+1)J 2 (3.24b) 
with the selection rules 
6.j = 0 , L\l '" 0 , ~K = 0, t 1. (3 . 25) 
The se expressions are in accord with the results obtained by a direct 
calculation from the values of the a~' j (L) of Table II , which are sum-
marised in Tables III and IV for j <f 9/2 . 
The matrix elements of the remaining term of the Ham iltonian 
(~.~) can be obtained with similar methods (see Vf) 
1 
< J M , j K I (s. L) I J M, j 1 K 1 > = ( [J (J + 1 ) J 2 (J 1 J ; K 1 ~K K) 
1 
)( (jl 1 j ; K ' 6K K) - cljj, 0KK' U(j +1)] 2 
_(_)J-jl (21-~(J+1/2)(j' 1 j; -1/211 /2) 
<j\l ~ llj'> ' (3.26 ) 
where 6K = K - 1(1 , with the selection rules 
~j = 0 , ~ 1 , 6, 1 = 0, /:;,. K = 0, ± 1 (3 . 27) 
from the properties of the Clebsch-Gordan coefficients and the reduced 
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TABLE III 
K 
9 7 5 3 1 1 
-
-
-
-
-
2 2 2 2 2 2 
J - j = even J - j = odd 
j 
9 63 1 49 81 87 107 
-
-- -
- -
-5J +- 5J +-
2 4 4 4 4 4 4 
7 35 13 45 53 4J +~ 
-
--
- -4J +-
2 4 4 4 4 4 
5 15 17 27 39 
-
- -3J + - 3J +-
2 4 4 4 4 
3 3 
-2J + ~ 2J +~ 
-
-
2 - 4 4 4 
1 1 3 
2 -J - "4 
J + -4 
Diagonal Matrix Elements of Hc/C in Representation (3.6). For 
convenience only the values T = 1.. (H - C J(J + 1)) are tabulated. C c 
matrix element 
< j II ~/I j '/' = < j 1/2 1 II ~ 1/ j' 1/2 l' > . 
The last term on the right hand side of equation (3.26) stems from the 
fact that for K = K' = 1/2 a value of K+K' = 1 can occur . 
If we employ equation (3. 20b) , we can extract from (3.23) and 
(3.24) the matrix elements of (~. 1). As we have 
and 
<J, j KI (!:: .i)IJ, j K'> = L{a~, j (L) a~" j (L) (_)L+j-J 
L 
1 
W(LjLj ;Jl) [(2L+1)(2j+l)] 2 <LIi!:-IIL>} <jIl1Uj> 
we can relate the matrix elements of (~.!:-) and(!:- .1) for the case 
6.j = 0 by 
< \ C~. ' L)I > = < j u ~ u j? < I (!:-. 1) 1 >. 
~(j+l)J 2 
In fact , equation (3.26) reduces to the matrix elements of 
(3 . 28a ) 
(3. 29) 
TAB LE IV 
~ 22 2.2 .2.1 .1 1 2 2 2 2 2 2 2 2 
.2. 
- ~[(2J+9)(2J-7)]! - 2 [(2J+7) (2J-5)J t - ~ [21(2J+5) (2J-3)J t - [6(2J+3) (2J-1>J t 2 
2 
- ~ [7(2J+7) (2J-5)1 t _ ~(2'J+5) (2J-3~ t _ ~ [1 5(2J+3) (2J-1~ t 2 
.2 
- ; ~(2J+5) (2J-J)] ! - [2 (2J + J)( 2J -1)] ! 2 
.1 
- ; ~(2J+J) (2J-1)] ! 2 
~ ~ - - -
__ L-
-------
- .~-- -- - -
- - - --
Offdiagonal Matrix Elem ents of Hc/ C in Rep~esentation (3 . 6) . 
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1 
<jv~~j)[j(j+1)] "2 (~.j) in this case. 
The situation can be summed up in the following manner , cases 
(a) , (b), (c): 
(a) We assume that both the single parti cle spacing and the spacing of 
the different K-bands are large enough that both j and K are good 
quantum numbers. The matr ix elements of the Hamiltonian (2 r 17) 
then take the form: 
z..)-"I 1 
\; " 1-2n=1 } "2 (J , j K\HIJ , j K) = -
_ 411..-
1"\.·4 
(j n J, K 0 K) 
x<intr/I D' (c) lIintr><j IIH (p) 1I j) + C(J{J+1) + j(j+1) 
n n 
_2K2 + (_)J+j (j+1/2) (J+1/2) f 1 ) + D'(2(K2 - J{j+1)) 
K"2 
J j r <J Ii l2. lI j> 
+(-) - (j+1/2)(J+1/2)QK~) [2j(2j+2)1 ~ 
+f -¥(j-l/2)fOr l 
~ + ¥ (.i+3/2) for I 
= j-1/2 ~ 
= j+ 1/2 
+ E(j) 
with K = 1/2 , ..... , j and J = K , K + 1 ; ..... . 
(3.30) 
Equation (3.30) is illustrated for fictitious parameters in Figu re 1 , 
for j = ~ . It is equivalent to the usual collective model descnption 
of the spectrum of odd-A nuclei in terms of various-unperturbed 
rotational bands. 
We can re-write the Hc and (~.~) parts of the total Hamiltonian 
< J, j K I Hc + D I (~ . ~) \ J , j K> = 
with 
C(J(J+1) _ j(j+1) + 2(j(j+1) _ K2) ..!....(_...!..)_~_-J_.  
(j + 1/2) 
+a(_)J+~ (J+1/2)~ 1 
K"2 
. 1. {D'<jISIIJ· » 
a = (- )J - 2 (j + 1/2) 1 - _ 1 
C L2j(2j+2)] 2 
a 
(3.31) 
(3.32) 
The quantity "a" can be interpreted as the decoupling parameter . 
In the collective model the deviation from the simple rotational 
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36 13/2 
36 712 
53 13/2 
18 9/2 
18 3/2 
8 5/2 
40 11/2 6 1/2 
/ 1 E(52 /2) 
I 
29 9/2 
20 7/2 
13 5/2 
8 3/2 
5/2 3/2 
45 13/2 
32 1112 
21 912 
12 7/2 
5 5/2 
~ E ( 5/2 ,5/2 ) 
FIGURE 1 
Illustration of equation (3.30) for the case j = 5/2 with fictiti ous 
parameters. The quantities E (j, K) represent the J -independent 
part of the Hamiltonian. The integers I indicated on the left side 
of eac h band represent the rotational (core ) part : Hc -= I C. The 
degeneracy in the rotational part of the K = t band for J = 3/2, 9 /2 ; 
7/2, 13/2 is removed by the decoupling term (equation (3 .3 1)) . 
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spectrum in the case K = 1/2 arises fr om the partial decoupling o f 
the intrinsic motion from the rotational motion . The decoupling 
parameter in this model has the form (Mo 57 , p . 487) 
a = L (-)j - tic. I 2 (j + 1/2) . 
. J 
J 
In algebraic language, it stems from the fact, that for a strong 
coupling wave function of the form (3 . 8) , the term (~.j) of equat i on 
(3 . 20a) gives cross contributions from the components with K . and J 
-K . in the case of K . = 1/2, as both J and j are vectors. As we have 
J J --
to sum over all the particle states i nvolved (I Cj \ 2 are the respective 
amplitudes), this term depends essentially on the intrinsic motion . 
In our case we have only one particle outside the core . The de-
coupling term arises from the properties of both the (~.!::) and (~. 1) 
parts of the total Hamiltonian , but no summation is involved. Besides 
the actual decoupling term 
(_)J+t (J + 1/2) 6 1 
K-z 
the position of the bands is affected by the "decoupling paramete r " 
in t his case. 
For D ' = 0, we obtain a decoupling parameter 
a = (_)j- t (j + 1/2) , 
which corresponds to the collective model term for one particle . 
This would produce a spectrum degenerate in J = L + 1/ 2 and L - 1 / 2 
in the cas e of j = 1/2 . 
With the expressions for the matrix elements of s 
1 
< j 1 / 2 l /I ~ II j 1 / 2 1 > = l.l2 j + 2]-Z 2 2j for 1 = j - 1/2 
(3. 33 ) 
1 r 2j 11. 
=- '2 .2j + 2 . 2 for 1 = j + 1/2 
we obtain 
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a = for 1 = J-1/2 (_)j-t (2j+1) (4jC-D') 
4C(2j) (3 . 34) 
= (_)j-t (2j+1) ((4j+4) C+D') for 1 = j+1/2 
4C (2j+2) 
The signs of "a" for all possible combinations are given in 
Table V . 
(b) We still assume a large single particle spacing, but include 
mixing of bands with the same value of j . In this case K is not 
a good quantum number and we have off-diagonal terms with the 
selection rules 6K = ~ 1: 
1 . 
2" - J 
< J, j K \ H \ J, j K' '/ = - J ~J ~ 1/2) K'K+1 
1 
a C [(j+K+1)(j-K)] 2" 
1 
)( [( J + K + 1) (J - K )] 2" 
(3 .35) 
= 
1 . & (_)2 -J 
K'K-1 (j+1/2) 
1 
a C [(j +K)(j-K+1)] 2 
X [(J+K)(J-K+1)] t 
These terms are proportional to the conventional RPC terms. 
If we can employ perturbation theory and assume for the sake 
of simplicity that onl y quadrupole-quadrupole interaction terms 
contribute, we find for the second orde r corrections to the energy 
(see Vg): 
ForK~3/2 
2 2 .2 2 2 2 2 ~E(2)(K) = s C (J + j + K) (J(J+1) + K (j +j-3K +1)) (3.36a ) 
(Qj _ sC) (2K+1)(2K-1) (j2 + j + K2) 
with 
s - ( )t -j 2a 
(2j+1) 
For K = 1/2 
6E(2) (1/2) 
(3.36b) 
(j 2 + j _ 3/4) (J (J + 1) - 3/4) . (3. 37) 
4(Qj - sC) 
These results can be interpreted as a shift in the position of the 
bands 
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a/I a, 
1 = j 1 1 = j + 1 - 2 2 
D' > 4jC - + 
D ' = 4jC 0 + J 1 - 2 = even 
D':;.O D' < 4jC + + 
C >0 D' ). 4jC + -
D' = 4jC 0 j 1 = odd - - "2 
D' < 4jC - -
D ' > (4 j+4 )C + -
D '<O D' = (4j+4 )C + 0 j 1 - 2 = even 
C >0 D' ( (4j+4)C + + 
D '> (4j+4)C - + 
D ' = (4j +4 )C - 0 J - 1 = odd 2 
D'«(4j+4)C - -
TABLE V 
Sign of the Decoupling Parameter "a" (C":::'" 0 excluded) 
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.6E(j , K) (3 . 38 ) 
and a change of the actual rotational part of the spectrum 
C(J(J +1)) to C' (j, K)(J(J+1)) with 
s 2C (j2+j +K2) 
C'(j,K) :: C(1 + ) (K:/: 1/2) (Qr sC ) (2K+1) (2K-1) 
(3.39) 
forK2:3/2 
For K :: 1/2 , equation (3. 37) can be interpreted as giving rise 
to a shift of the position of the band wIt h the magnitud e 
,6E(j,K:: 1 /2) :: (j2 + j _ 3/4) (3 . 40) 
and a change of the rotational part of the spectrum to 
C'(j,K:: 1/2) (J(J+1) + (_/+t a'(j,K = 1/2) (J+1/2) ~ 1) (3.41) 
K2' 
with 
S 2C(j2 + j - 3/4) 
C'(j,K:: 1/2) :: C(1 - -- ) 
4(Qj - sC) 
(3.42a) 
and a new decoupling parameter 
a' (j , K :: 1 /2) 
2 .2 . / -1 
= a(1 _ s C(J + J - 3 4)) 
4(Qj - sC) 
(3 . 42b) 
(c) Neither j nor K are good quantum numbers. In this case , we 
have off -diagonal contributions from the 2n_ 2n pole forces with 
the selection rules (3.18) and further contri.butions from the 
term (~.~) with the selection rules (3.27) besides the RPC 
terms discussed in Section b of this chapter . A detai led exami.-
nation becomes rather awkward , and it seems advisable to 
employ the aid of an electronic computer for the diagonalisation. 
The final eigenfunctions take the form: 
\' 
\ J M"> :: L, c J (j, K) I J M, j K > . (3.43) 
j k 
In the process of fitting the energy spectrum of an odd-A 
nucleus the core parameter C can be taken from experiment. 
(See B , Chapter VII a). For the particle parameters an 
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estimate can mostly be obtained from the values of the para-
meters at the beginning and the end of the shell in questi on . The 
parameters of Hn should be treated as free , although they can be 
related for a fixed n, if the radial part of the different single 
particle states I j mj) is given (e. g. , harmonic oscillator wave 
functions) and a special form of the radial part of the inter-
action is assumed, e. g . , equation (2.14). 
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IV Calculation of Static Moments and T r anSItion Prob a ill t i es 
The appropriate operator for e lectnc 2A- pole tra n s iti ons 
in the system even-even core and odd part i cle is 
with the core part 
Q (1\) (c) = e Z R~ Y ') (j., ([) ) 
q c ~,q C IC 
and the particle part 
(~) 1\ Q (p) = e ff (~) r Y ~ q (j. , cp ) q e PI', P P 
while the operator for magnetic dipole t rans~tlOns IS given by 
(1 ) 
M q [ J 
1 
3 "2 
4"i'G (g L + gil + g s ) c q q s q = J-L 0 
ell (!-L o = = nuclear magneton) . 2Mc 
The quadrupole moment operator is then defined as 
and the magnetic moment operator as 
(4.1a) 
(4 . i b) 
(4.1 c) 
(4 . 2) 
(4 . 3a) 
(4 . 3b) 
For the effective charge of the single par ticle e eff ( A ) 
in equation (4 . lc) , we will consider the r ecoil effect of the core 
on the particle ((Be 3 7) , (Bo 53) , (BW 52 , p. 640)) in the combine d 
system 
= e(l + (-l' Z 
PI' 
A Z 
= (-) - e 
Af.. 
for a proton 
for a n e utron. 
The correction to the ordinary charges e and 0 for proton and 
(4.4 ) 
neutron can be safely neglected for ~ > 2 , especially as the sin gle 
particle part will be small compared to the core contributi on for 
even A, if the core shows any collective structure. 
We will not use the quadrupole corrections for the distor-
tion of the closed core shells by a non-spherical field of the outside 
• 
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particles (Mo 58), as this would be incon s i st e nt with the spherical 
picture suggested in Chapter I. 
The gyromagnetic factor of the core g takes the value c 
z I A for a uniformly charged nucleus, while gs and gl are the con-
ventional single p article values (BW 52 , p. 3 1). 
gs = 5 . 587 for a p r oton 
= -3.827 for a neut r on 
(4. 5) 
gl 1. 000 for a p r oton 
= O. 000 for a neutron. 
The matrix elements of the operat ors (4 . 1a ) , (4.2 ) , (4.3a ) 
and (4. 3b) in representation (3.43) can be evaluated by standard 
methods for the calculation of matrix elements of tens o r operato rs 
in coupled systems as given, e . g. , by Rose (Ro 61) . 
Case (a) E ~ - transitions 
The partial lifetime L (E 1\) of an excited state 1S related 
to the transi tion probability T (E~ ) and the reduced transition 
probability B(E~) by (El 57, p . 256): 
-1 L(E;\) = T(EA) = 
8'i'C(1\ + 1) Ell 2~+1 (_0 ) 
hf1.((2f1+ 1) ~ ~)2 hc 
(4. 6) 
'X.e2B(E~ ; J ~J'), 
where E! is the energy difference of the transition and the 
reduced transition probability is given by 
e 2 B (E i\; J -~ J') = L 1 (J M \ Q (~ ) I J' M' >, 2 
M'''''l~M q 
(4. 7) 
The sum is to be extended over all possible values of the 
angular momentum projection quantum number of the final 
state M' and of q to give a fixed value of M. If we appl y the 
Wigner-Eckart theorem (Ro 61, p. 85) and the orthonormality 
properties of the Clebsch-Gordan coefficients (Ro 61, p. 32ff), 
we find in Rose's notation: 
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~I 2 ~ I (J 'A J , M' q lVI) < J 1\ Q (~ ) II J ' > I 
",1-tOJaM 
= I(JIIQ(rI)IlJ') \ 2 (4 . 8a ) 
2J' + 1 ( A) 2 
=( )1<J'IiQ IJJ)I 
2J + 1 
(4. 8b) 
The last equation follows from the p rInc.i p le of detailed balance. 
The matrix elements involved m equation (4 . 8a ) fo r the 
core and particle parts with respect to representation (3 . 43 ) 
can be calculated to be (see Vh) 
1 
( f\) \' J J' [2i\+ 1] "2 (JIIQ (c)hJ')=eL..,c (j , K)c (J , K ) 4 j k It... 
x(J ~J'; K 0 K) Q((\) , (4. 9a) 
where 
Q( (\) = < intrll ZR~ II intr > (4. 9b) 
i s the radial part of the matrix element over the intrinsic 
core wave function , and 
)« ((j',A,j; K'6K K) (J'AJ; K' bK K) (4. lOa) 
J' -J I + (- ) (j'tlj; -K' K+K' K) (J'~J ; -K' K +K' K )) Q(A ; j ,j ') 
with the reduced matrix element 
Q(rL j , j') =(j 1/211Ir;y~(p)/Ij'1 /2l '> 
1 
= (_)II+ j'+t - 1 -1 1(21 1+1) (2j'+1)(2{\~ln"2 ~ 411. J 
J({l'Al ; 00 O)W(l'lj'j;{\ t)<1Iir;1I1 ' "> (4 . lOb ) 
The selecti on r ules are the customary 
J =JI + ~ , .. . .. , \JI -111 
for both t h e cases (4 . 9a) and (4. lOa) and we have contributions 
in the respective sums from states with 
~K = O, .6j = 0 , Al = 0 for the core part (4 . 9c) 
and j=jl+~ , 
1=1'+(1 , (4. 1 Oc) 
• 
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.6K = 0, ± 1, ..... , ±~ for the particle part. 
Furthermore we find that the core part gives only contributions 
for transitions with even A (core states L = 0, 2, ... ), while 
the particle part gives contributions for even f\, if both 1 and l' 
are even or odd, and for odd (1 if the 1 and l' states are of 
opposite parity. 
In the case of the particle part of the transitio.n matrix 
element, we find additional contributions for states with K and 
K' such as to give K + K' = 1, .... . , ~ , which arise in a simi.-
lar fashion as the decoupling term in the calculation of the 
Hamiltonian. 
For the calculation of the mat rix elements (4. ga ) and 
(4. lOa) of a specified odd-A nucleus only the parameters Q(~) 
and < 1 II r p 11' >, the radial part of the single particle tran-
sition, are required, once the expansion coefficients c J (j, K) 
are calculated from the fit of the energy spectrum. The 
quantities Q((\) can (at least in principle) be extracted from 
the various transitions between the core states, as 
= (2(\+1) (2L'+1) (L'? L; 0 0 0)2 Q((\)2 e 2 
4'iL(2L+1) 
and so according to equation (4.6) 
Q = + r(2L+l) t((2(\+1)~ ~)2 AT(E(\; L 4 L') hc 2 A+l] ~ ( ~ ) - U 2 L ,+ 1) 2 ( ~ + 1) (2/\ + 1) e 2 (L 'A L; 0 0 0) 2 ( E; . ( 4 . 11) 
The sign of Q(?t) can be determined by the requirements for 
the sign of the groundstate quadrupole moment of the odd-A 
nucleus. The radial part of the single particl e matrix element 
could be evaluated in terms of a given single particle wave-
function. 
The question of how far the core is polarised by the addition 
of an outside particle can be examined most sensitively by the 
~------ - - - - - ----------
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quality of the fit of the quadrupole features of the odd-A nucleus 
with the values of Q( A) calculated from the core data. 
Case (b) Quadrupole moment 
Since the operator for the quadrupole moment is just 
[16/L /5J t times the operator for the E2 transitions with 
q = 0, we find after application of the Wigner-Eckart theorem 
for the usual convention M = J 
(J M = JlQ MIJ M = J)= ll~iClt (J 2 J ; J 0 J) (4.1 2) 
X « J II Q (t. ) (c) II J> + < J 1\ Q ( f\ ) (p ) II J > ) , 
where the matrix elements are special cases of equations 
(4. 9a) and (4. lOa). 
Equation (4.12) suggests that the main contribution to the 
quadrupole moment of the groundstate of an odd-A nucleus 
(not adjacent to closed shells) sterns from the even-even core 
term. In contrast to the collective model picture, we do not 
obtain any contribution from the L = 0 state of the core and so 
do not have to consider a non-measurable quantity (intrinsic 
deformation) of this state. The lowest contributing core terms 
are the 2+ -> 0+ E2 transition, the 2+ quadrupole moment, etc. 
All these quantities are measurable. 
Case (c) Magnetic moment and M1 transitions 
If we substitute 
e 2 B(EA; J ~ JI) --'> B(Ml; J ~ JI) , 
where 
B(Ml; J ~ JI) = L , \<J M IM(l)i JI MI>\ 2 
M'+'l& M q 
=i(JijM(1)lIJI)1 2 , (4.13) 
equation (4.6) with ~ = 1 can be applied for magnetic dipole 
transitions. 
The results of the detailed calculation (see Vi) are 
, 
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(4.14) 
_ 1 
l·· (23'+1)12 , X(gc 6jj' (- J(J+1) (2J + 1) ((J 1 J; K'6K K) 
X(j 1 j; K' 6K K) + (_)j-J' (J' 1 J; -K' K'+K K) (j 1 j; -K' K'+K K)) 
+dJJ,iKK , [J(J+1)J t) + (gl<jll~l/j'>+ gs(jIl~lIj'» 
X[(2J'+1)-J t ((j' 1 j; K'.6K K) (J' 1 J; K' 6K K) + (_)J'-j ' 
(2J + 1) 
x(j' 1 j; -K' K+K' K) (J' 1 J ; -K' K+K' K))). 
For the reduced matrix elements of 1 and s J we have 
( j IJ:. II j' 1 = < j 1/2 1 II 1/1 j' 1/2 l' > (4. 15a) 
= (_)1-2j-j'+t [(2l+1)(2j '+1) 1 (l+l)J t W{l'lj'j; 1t) 611 , J 
_ 1 
1 ., 1l3(2J·'+1)12 <jll~lIj'> = (-) -J +2 2 _ W(t t j' j; 11) ~l' . (4. 15b) 
Then we obtain for the magnetic moment with the convention 
of choosing the z-component between states with M = M' = J 
< J M = J I !-L z \ J M' = J> = [ 4 ~ 1 t (J 1 J; J 0 J) < J II M( 1 ) II J> J (4. 1 6a) 
where we have for the Clebsch-Gordan coefficient 
(J 1 J; J 0 J) = l J ) t 
J + 1 
(4. 16b) 
It can easily be verified that equation (4. 16a) agrees with the 
results of the conventional procedure of calculating the magnetic 
moment with the aid of projection theorems (Ro 61 J p. 95) for 
vector operators 
<JI !-L.JIIJ> (J M = J I !-L z I J M' = J > = (J + 1) 
= 
!-Lo 
( (Jllgc(L.L+L.j) J + 1) - - --
(4. 1 7) 
The matrix elements of ~. ~ J ~. L ~. ~ and ~. ~ were already 
discussed in Chapter III. The matrix elements of the pure 
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single particle operators ~. ~ and 1 .1 in representation (3 . 6) 
are easily calculated as 
(J, j K11.1I1J, j' K'> = djj , dKK , d11 , j(j+l) 
<' J, j K II s. s II J, j' K' > = J jj' J KK' J 11' % 
(4.18) 
The resulting expression for the magnetic moment is the n: 
(J J\ /J. I J J> = ~ (L c J (j , K ) c J (j' , K') 
Z (J + 1) ) lUI.<' 
(4 .1 9) 
1 
y(gc ~jj' J11 , (J(J+l)6KK , - [J(J+l)j( j+l)] "2 (J 1 J ; K' 6K K) 
J . 1 
x(j 1 j; K' 6K K) - (-) -J'2 (j+l/2) (J+ l /2 ) [ K~ d K'~ ) 
1 1 
+gl (( [j(j+l)] "2 d .. , 611 , - (j is \ j' » ([J(J+l)J "2 JJ - -
1 
)((J 1 J; K'.6K K) (j' 1 j; K'.6.K K) - 6jj , dKK , t11 , [j(j+lB "2 
(_)J-j' (J+l/2)[ f [2J -~ (j' 1 j ; - t K~ °K't 
)«(1(1+1) + j (j+l) - ~)) 
4 
1 
1 1 r 
1 "2)) + '2 0jj' d KK' 6ll , 
+ gs «j q ~ ~ j'>( (J(J+l)]"2 (J 1 J ; K' 6K K) (j ' 1 j ; K' t:.K K) 
1 
"2 _ 
x(j' 1 j; - ~ 1 ~)) + ~ £jj' dKK , d11 , (j(j+l) + i - 1 (1+1)))). 
Corrections due to mesonic exchange currents (Sa 53) and 
relativistic effects are neglected in these calculations. 
• 
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V Appendix A: Details of Calculatior 
In the course of this chapter, we wi 11 draw heavily on the 
algebra of the theory of angular momentum as given, e. g. , by Rose 
(Ro 61) and we will adopt the same choice of phases and normalisation. 
The relevant formulae will be quoted as R(aa, bbb), where aa, bbb gives 
the number of the equation in reference (Ro 61). 
Va . Calculation of the matrix elements of (so U in representation (3.1) 
As (~. D is a scalar in the single partlcle space , we find 
with equations (3 . 1), (2.2) and R{6. 24) 
< J M, L j I {~. D I J M, L' j' / = 6' LL' 6' JJ ' (J 1/2 1 I (~. D l J 1/2 l' > (5a . 1) 
from the properties of the special Racah oefficient 
W(j' j J J; 0 L) = (_)j+J-L 6jj , [(2j+l ) 2J..L1~ -1- (5a.2) 
Then, as (~. D is the scalar product of two vector operators in 
ordinary and spin particle space , we obtain from R(6. 22) 
1 1 . 1 
< j 1/2 1 \ (~.lJI j 1/2 1'>= (_)2+ -J [2(2l+1D 2 
(5a. 3) 
W(1- 1- 1'1; 1 j)(l1l2111 ')< 1/2 11~\l l/2) 
With 
1 <l~llll'> = 6ll ,[1{l+1)] 2 (5a.4 ) 
<1/21~1i1/2) = [~11-
and the tabulated Racah coefficients of the form W(abcd; 1£) from 
R(Table 1. 4), we find 
)(~ (j(j+1) - 1(1+1) - 1) , 
2 4 
(5a.5) 
and for 1 = j ± 1/2 the well known expressions for the spin orbit 
splitting given in equation (3.4). 
Vb Calculation of the matrix elements of H2 in representation (3. 1 ) 
and diagonalisation 
The operator H2 is a contraction of two tensors of rank two. 
, 
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m core and particle space (see (2.15 )) . So we obtain under the 
assumphon 0'2 (Rc ' r p) = 0'2 (Rc) 0'2 (r p ) with the formula R( 6. 22) 
for 6j = 0 
(J M , L j I H21 J' M ', L' j> = ~JJI 6MM , (_)L+j-J 
1 
X [(2L+1) (2j+1)] "2 W(L'L j j ; 2J) (L 110'2 (Rc) Y2 (Jc ' Cfc)/1 L' > (5b.1) 
)( < jII 0' 2 (r p) Y 2 (J. P ' pp) \I j ') . 
The angular part of the reduced core matnx element can be evaluated 
with the standard formula for the matrix elements of spherical har-
monics (R( 5. 19b)) . The resulting expresSlOn for the matri x elements 
of H2 is (magnetic quantum numbers suppressed) 
( J, L j I H 21 J I , L I j) = 6J J I (_ )L+j - J (5b. 2) 
xl~ 5_(2L' + 1) (2j + 1)1 t W(L' L j j; 2J) (L' 2 L ; 000) 
41L 
l( (intrn 0'2 (R ) H intr>< j /10'2 (r ) Y 2 (~ , cp )Y j >. c p p p 
If we employ the tables of Racah coefficients of the type W(L 'Lj 'j; 2J) 
given by Biedenharn et al (Bi 52) and the formulae for the Clebsch-
Gor dan coefficients of the type (L I 2 L ; M~ M2 ~) given by Condon 
a nd Short ley (Co 51), we immediately obtain for each j the (2j+1)x 
(2 j+1) matrices of H2 in representation (3. 1) (see equation (3.3)) , 
which are summarised in Table VIa for J ~ j and j ~ 9/2. In the case 
J < j the matrices consist of (2J + 1) rows and columns only. The 
resu lts for these cases are given in Table VIb for j ~ 9/2. 
The eigenvalues of the matrices in Tables VIa and VIb are 
obtained by setting the determinant of equation (3. 5) equal to z ero. 
Standard evaluation of the determinants by developing along rows or 
columns yields the eigenvalue equations given in Table VII . The 
independence of the eigenvalue equations and consequently of the 
eigenvalues of J seems hard to prove generally. This property is 
used to calculate the eigenvalues in the cases j = 11/2 and 13/2 with 
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TABLE VI 
Matrix Element s of H2 / Q j i n Representation 3 .1 ) for the Cases 
a. J ~j withj ~ 9/2 , 
J < j with j ~ 9 / 2 , 
c . j::: 13 / 2,11 / 2 in the limit J ~ 00 for even J-j only . 
• 
-3 9 -
~ 5 1 3 J-2" J-"2 J+-2 
1 
1 2J+5 [3(2J -1)(2J+3)] "2 
"0 J -- --
2J+2 (2J+2) "0 2 0 
" 
. ....., 
I 
3 2J+5 >-:l J+- - --
2 2J+2 
1 
5 ~ (2J -5) [IO(2J+3)(2J+2)(2J -3) l' 0 J -"2 - (2J -2)2(2J) 3 (2J -2) 
1 c 
4J 2+6J-25 
Q) 
1 8 3 [2(2J +5)PJ -I )(2J -2)] , > J - -
-
Q) 2 3 (2J+2)(2J-2) (2J+2)2(2J) 
" 
. ....., 
I 
3 2 (2J-25) >-:l J+- -2 3 (2J+2) 
~ 3 1 5 J-- J+- J+-2 2 2 
1 
3 2J-3 (3{2J+3H2J -Ill "2 J -- --- c 2 2J (2J) Q) > Q) 
" 1 2J-3 
. ....., J+- --
5 2J I 
>-:l 
1 
3 2 2J+27 3 [2(2J+4)(2J+3)(2J-3) r 0 J - - -
2 3 2J (2J +2)( 2J)2 
4J 2+2J-27 
1 
J+~ 8 [ IO(2J+5)(2J)(2J -I) 1 ' "0 - "0 
2 3 (2J)(2J+4) (2J+4)2(2J+2) 0 
" 
. ....., 
5 10 2J+7 I J+-
- 3 2J+4 >-:l 2 
Table VI a: j = 3/2, 5 /2 
• 
~ 
~ 
>-' 
cP 
-< 
"'""" p.l 
<-I . 
II 
-J 
-tv 
K 
J-1-2 
J - ~ 
2 
1 J+-
2 
J+~ 
2 
~ 
J-~ 
2 
J -! 
.2 
3 
J+'2' 
J+1-2 
7 3 J-- J --
2 2 
2J-7 
- 7 2J -4 
[21{2J+3 H2J+2H2J -5}] t 
(2J - 2)(2.T -4)2 
3 4J2+18J -80 
(2J)(2J -4) 
J - ~ 1 J - -
2 2 
2J-47 3 [5(2J+4)(2J+3)h2J - 5)] t 
---
2J-2 (2J)(2J -2) 
5 4J2+6J -46 
(2J+2)(2J -2 ) 
~-~ 
J+! 
2 
0 
2 (15(2J+5)(2J+4)(2J -3)(2J -4)] t 
(2J+2)(2J)2(2J -2) 
2 5 4J +2J -48 
(2J)(2J+4) 
J+~ 
2 
0 
2 ['5(2J+6)(23+5 )(2J - 2)(2J -3) 1 ! 
(2J +4 )(2J +2)2( 2J) 
3 ~;;;;)~;;:~) 
J+~ 2 
0 
0 
3 [5{2J+7H2J-1H2J-2)] t 
(2J+4)2(2J+2) 
. 
2J+49 
-
2J+4 
7 J+-2 
0 
0 
[21(2J+7l12JlI2J-ll] t 
(2J+6)2(2J+4) 
-7 (2J+9) 
(2J+6) 
c 
<l) 
:> 
<l) 
II 
. ....., 
I 
OJ 
"d 
"d 
0 
II 
. ....., 
I 
OJ 
I 
~ 
o 
r-3 
~ 
>-' 
CD 
-< I--< 
Il' 
'->. 
II 
CD 
-l\J 
L' 
L 
9 
J --
2 
J - ~ 
2 
J - 1. 
2 
3 
J+"2 
J+2 
2 
L' 
L 
J - 2 
2 
J - ~ 2 
J - .!. 
2 
J+~ 
2 
7 
J+2" 
J - ~ 5 J --
2 2 
2J -9 
-12 2J-6 
[(2J+3)(2J+2)(2J -7) ] ! 
6 (2J-4)(2J-6)2 
2J2+37J-165 
4 (2J -2)(2J - 6) 
7 3 J - - J - -
2 2 
.l. 
2J-25 
- 4 2J -4 
2 21(2J+4)(2J-3)(2J-7) 2 
(2J -2)(2J _4)2 
2J 2+7J-50 
12 (2J)(2J -4) 
J - .!. 
2 
1 
3 [14(2J+5)(2J+4)(2J-5)(2J -6)r 
(2J)(2J -2)2(2J -4) 
8 4J 2+6J -73 
(2J+2)(2J -2) 
J+.!. 
2 
1 
6(2J+6)(2J+5)(2J-4)(2J-5) .. 
5 (2J+2)(2J)2(2J -2) 
~ 8 4J +2J -75 
(2J+4 )(2J) 
3 
J+"2 
1 
5 [6\2J+7)(2J+6)(2J-3)(2J-4)] .. 
(2J+2)2(2J)(2J +4) 
12(2~:26)~g;:;) 
J+~ 
2 
1 
3 [14\2J+8)(2J+7)(2J -'2)(2J - 3) J" 
(2J+6)(2J+4 )2 (2J+2) 
2J 2 -33J-200 
4 (2J+6)(2J+4) 
7 J+-2 
1 
2 [21\2J+9)(2J-1 )(2J-2)] " 
(2J+6)2(2J+4) 
-4 (2J+27) 
(2J+6) 
J+~ 
2 
1 
6 [(2J+9)(2J(2J-1) r 
(2J+8)2(2J+6) 
12 2J+11 
(2J+8) 
I 
,p.. 
t-' 
- 4 2-
j J ~ 2 4 6 8 
3 1 2 - 2 
2 2" 
5 1 2 - 16 
-
"2 3 2 
3 I 2 40 i (6)t - -2 21 7 
3 4 - 100 
-
-2 21 
7 1 4 - 10 
- -
2 2 
3 2 60 ~ (5)t -
-
- 7 7 2 
3 4 - 52 
-
-
2 7 
5 2 10 i (55)t 0 
-
-
-
2 7 7 
5 4 282 ~ (35)! - -
2 77 11 
5 6 - 98 
-
-
2 11 
9 1 4 - 16 - -
2 2 
3 4 140 ~ (2)t 
-
-
-
2 11 11 
3 6 168 
-
-
-
2 11 
88 1 5 2 i (55) 2 0 
-
-
-
2 7 7 
5 4 600 _ 28 (2)t 
- - -
2 77 11 
5 6 128 2" --11 
7 2 4 i (195) t 0 0 
-
- -
2 7 7 
7 4 152 140 (_~_} 
- -- 0 
2 77 11 13 
7 6 388 ~ (42) t 
"2 - - 55 5 13 
7 72 
- 8 2 --5 
Table VI b. 
- 4 3-
~ J - ~ 7 3 1 5 9 j 2 J - 2" J -"2 J + "2 J+2' J+"2" 
11 55 .1. J -- - - (55) 2 0 0 0 0 2 3 
7 1 .1. J--
-3" 6(6)2 0 0 0 2 
11 3 +~ 3(35)! J - 2' 0 0 
2 3 
J+.!. 35 1. 2(70)2 0 2 3 
J+~ 17 .!. 
2 3 
3(15)2 
J+.!! 25 2 3 
~ J - .!.! 9 5 J-.!. J+! J + 7 J + 11 j J-- J--2 2 2 2 2 "2" 2" 
J - .!.! 2 - 26 (78)! 0 0 0 0 0 
J-~ 
- 4 (330)f 2 0 0 0 0 
J-~ 10 6(15)t 0 0 0 
2 
13 1 1 
2 J-- 16 14(3)"i 0 0 2 
J+! 14 15(2)! 0 
2 
J+:!.. 4 3(22)t 
2 
J +~ 
- 14 2 
Tab l e VI c . 
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the assumption J ~ 00, as the evaluation of the J -dependent 
determinants becomes extremely cumbersome in these cases . 
(See Tables VIc and VII for the matric es and eigenvalue equations). 
The resulting eigenvalues are listed in Table I in depen-
dence of the quantum numbers j and K. 
A general expression for the eigenvalues can be obtained 
with Newton's interpolationJformula (Wi 47, p. 102 ff). The dif-
ference schemes and the results for varying j and fixed K are given 
in Table VIII. From these results we can eaSily deduce the general 
form.: 
(5b. 3) 
without having to consider a second diffe rence table for varying K. 
The eigenvectors 
= (5b. 4) 
are solutions of the homogeneous sy stem of linear equations 
(5b . 5) 
under the normalisation condition 
(5b. 6) 
Here V(j, K) designate the eigenvalues of H2 and at is the He rmitian 
adjoint of the operator a. For a specific choice of phase, we obtain 
by standard methods, the expressions give in Table II. For J < j 
only the appropriate terms with K ~ J have to be taken into account. 
From the given expressions, it can be easily verified that 
equation (5b. 6) can be generalised to: 
J ~ j 
j 
3/2 
5/2 
7/2 
9/2 
11/2 
vi. - 4 ::: 0 
V3_112V_1280::: 0 
3 27 
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V 4 - 168V2 - 512V + 1680 = 0 
V 5 - 528V 3 - 2816V 2 + 33792V + 147456 ::: 0 
V6 _ 404V4 _ 292864 V 3 + 2757040 V 2 + 236953600 V 3 27 9 81 
_ 15184400 00 :=: 0 
729 
13/2 V 7 - 2912V 5 - 33280V4 + 1800448V3 + 28221440V 2 
- 103563264V - 16 69857280 ::: 0 
J < j 
J J 
3/2 1/2 V + 2 = 0 
5/2 3/2 V 2 + ~V + 64 ::: 0 3 9 
1/2 16 0 V +-::: 3 
7/2 5/2 V 3 + 14V2 + 28V - 120 ::: 0 
3/2 V 2 + 16V + 60 = 0 
1/2 V + 10 = 0 
9/2 7/2 V 4 + 24V3 + 48V 2 - 1664V - 6144 ::: 0 
5/2 V 3 + 32V 2 + 304V + 768 ::: 0 
3/2 V 2 +28V+192 ::: 0 
1/2 V + 16 ::: 0 
TABLE VII 
Eigenvalue Equations 
The quantity V in this Table is related to the quantity V in 
equation (3.5) by V(Table)XQj ::: V (in equation (3 .5 )) . 
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f(j , K) (I) (l)( , K) ~3)(j , K) f(j, K) K j D (j, K) ~ J , 
1/2 1/2 0 
-3 
3/2 -3 -2 
-5 0 
5/2 -8 -2 
-7 0 
7/2 -15 -2 3 - j (j + 1) -
-9 0 4 
9/2 -24 -2 
-11 0 
11/2 -35 -2 
-13 
13/2 -48 
3/2 3/2 3 
-5 
5/2 -2 -2 
-7 0 
7/2 -9 -2 27 
-9 0 4 - j(j + 1) 9/2 -18 -2 
-11 0 
11/2 -2 9 -2 
-13 
13/2 -42 
5/2 5/2 10 
-7 
7/2 3 -2 
-9 0 75 9/2 -6 - 2 - - j (j + 1) 
-11 0 4 
11/2 -17 -2 
-13 
13/2 -30 
7/2 7/2 21 
-9 
9/2 12 -2 
-11 0 147 j(j + 1) - -
11/2 1 -2 4 
-13 
13/2 -12 
TABLE VIII 
Difference schemes for the application of Newton's interpolation formula 
to the diagonal elements of H2 , (f(j , K) = (3/2){(J, j KJ H2\ J, j K)/Qj))' 
• 
II 
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r; 
KK' 
(5b . 7) 
L,aJ,j (L) aJ,j (L') = SLL
' k>i> K K 
I! Vc Discussion of the wave function (3.6) 
The particle wave function (2.2) can be transformed into a body 
fixed co-ordinate system to give (R(4. 8)) 
L: D j >:< K I j K.) , 
kj m j , j J 
(5c . 1) 
where K . is the projection of the particle a ngula r moment um on the 
J 
body fixed z -axis and the Dj K are the fam iliar r otation matri c es. 
mj ' j 
The core wave function (1.2) in the body fixed s y stem takes the p r operly 
normalised form 
1 
l-2L+1]2 8 -2 Il 
where 11'0 is the intrinsic core wave function in the body fixed sy stem 
and the angular part follows from the definition of the spherical har-
monics Y L M as a special case of the r otation matrices (R(4 . 30)). 
, L 
We then obtain for equation (3. 6) in the body fixed s y stem 
1 
I J M, j K) = L a~,j (L) L Xo l2~ ~z-112 Ij K j ) 
L Kj 
The part in curly brackets on the right hand side of equation (5c. 3) i s 
a Clebsch-Gordan series. Substituting the formula given by Rose 
(R(4. 25)) into equation (5c. 3) and using the symmetry relations of the 
Clebsch-Gordan coefficients (R(3. 16a)) for 
(L j J; 0 -K . -K .) = (_)J-j (L j J; 0 K . K .) 
J J J J 
(as L is even) to convert the sum over all the K j into a sum with 
positi ve K j only, we find 
(5c . 2) 
(5c.3) 
(5c.4 ) 
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1 
~ J j ~ - (2L + 1)1 2 
IJM,jK)= LaK' (L)L 2(2J +1 ) 
L \(J > 0 - (5c. 5) 
)( (L j J; 0 K. K.) f J , j 
J J M, K j 
Here we introduced the strong coupling wave function ,\/;J , j r M K. 
, J 
given in equation (3.8). 
From the properties (5b. 7) of the expansion coefficients 
a~' j (L), the symmetry relations R(3. 17a) of the Clebsch-Gordan 
coefficients and equation (3.11), we find the relati ons 
'\"'" ~ (JjL; -KKO)(JjL; -K'K ' O)= ~ ~KK' 
L=even 
and (5c. 6) 
L' (JjL;-KKO)(JjL';-KKO) = ~dLL' 
1(">0 
The last equation is equivalent to the usual orthogonality relation of 
the Clebsch-Gordan coefficients 
~ ~, (JjL; -KKO)(JjL'; -KKO) = 6
LL
, 
all K 
(5c. 7) 
Vd The matrix elements of Hn in representation (3.6) 
The relation 
>
.--0 1 
_, [( 2 e + 1) (2 f + 1)] 2 W (a b cd; e f) (b d f ; [3 l [3 + g) 
f 
(5d. 1) 
(a f c ; 0' [3 + [ 0' + [3 + [) = (a be; 0' [3 0' + (3 ) (e d c ; 0' + [3d 0'+ [3 + J ) 
(R( 6. 4b)) is valid, if the sum is extended over even f only , as the ex-
pression above can be reduced to the usual definition of the Racah 
coefficients in terms of a sum over four Clebsch-Gordan coefficients 
(in a body fixed system in this case) by means of double application of 
equati on (5c. 7). 
If we employ the form (3. 11) for the expansion coefficients 
ak' j (L), the general formula for the matrix element of a contraction 
of tensor operators R(6. 22) and the standard formula for the reduced 
matrix elements of the spherical harmonics Y n (R(5.19b)), we obtain 
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the following form for the matrix eleme nts of R n in rep resentation (3.6 ) 
< J M , j K I Rn I JI M' , j' K' '1 = J JJI <1MM , (5d. 2 ) 
x > ,I !(2n + 1) (2L + 1) (2L' + 1)2 (2 j + l)J t (_)L+j'-J 
Lt! L 'il.(2J+1)2 
x(LjJ; OKK)(Llj'JI ; OKIK')(L'nL ; 000) 
XW(L' j' L j ; J n) < intr /I Q'n (c) /Iintr'> < j URn (pP j' >. 
With the symmetry relations of the Racah coefficient and the C lebsch-
Gordan coefficients for 
W(L' j' L j ; J n) = (_)J+n-L'-j W(J L j' n ; j L') 
(L'nL ; OOO) 
_ 1 
= (- t l2L + 11 2 (L n L I 0 0 0) 
2L' + 1 
. 1 
(Llj'J ; OK'K') = (_)L' 12J+1] 2 (JL'j' ; K' OK') 
. 2j I + 1 
(see equations R(B . 3), R(3. 17a) , R (3 . 17b)) , we can bring equati on 
(5d. 3) 
(5d . 2) into a form to allow the summation over L I by virtue of equati on 
(5d.1) . The resulting expression 
<J , jK IHnIJ I, jIK' >= L(_)L+jl-j bJJ I 
L 
f.l-(2n + 1) (2L + 1)2 J ~ (Lj J ; 0 K K) (J L j ; K' 0 K ' ) 
iL(2J + 1)(2j' + 1) 
x(j n j' ; K ' 0 K') (intril Q'n (c)\intr>< jllH2 (p)~ j'> 
can be simplified to 
< J , j K I Hn I J I, j I K ' > = ~ JJI ~ [2n + 11 t KK' 4~ 
X(j' n j ; K 0 K)<'intr II Q' (c)1I intr>< j ilH (p)ll j'> 
. n n 
usi ng equations (5b. 7) and (3. 11) for the summation over L and the 
symmetry relations 
(_)L [22~: ~Jt (J L j; K' ·O K') = (L j J; 0 K' K') 
(5d. 4) 
(5d . 5) 
and (5d.6) 
(-)j '-j (j n j' ; K' 0 K') = 
it 
1 
l-2 j ' + 1]2 2j + 1 . (j ' n j ; K '0K') . 
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The last two relations follow from R(3. 17c) and R(3.17a), R(3. 16a)~ 
Ve The matrix elements of (L)2 in repre sentation (3. 6) 
As L is a good quantum number i n representation (3. 1), we 
obtain for the matrix elements of (~)2 in r epresentation (3.6) 
<J M , j KI(~)2IJ' M ' , jl K ' >::: 6JJ, 6MM, djj , (5e. 1) 
o XL 2 6LL, (2L + 1) (L j J; 0 K K) (L j J; 0 K' K') L(L + 1) L (2J + 1) 
using equation (3.11) for the expansion coefficients ak' j (L). 
The same result can naturally be obtained by a more rigorous procedure 
using the Racah formalism. If we use the tabulated values of the ex-
pansion coefficients (Table II) in equation (5e . 1) instead of the expressio 
(3. 11), we obtain the matrix elements given in Tables III and IV as a 
result of direct summation. 
With the recurrence relation R( 3. 27) for the Clebsch-Gordan 
coefficients in the magnetic quantum numbers, we obtain after transfor-
ming the Clebsch-Gordan coefficients by the symmetry relation 
R(3. 17a) 
(J, j K( (!:)2\ JI, jl K ' > ::: 2 [JJI <fjjl (_)2 j+K+K ' (5e.2) 
)( L ((J(J + 1) + j(j + 1) - 2K2) (J j L ; - K K 0) (J j L ; -K' K' 0) 
I-
1 
+[(j+K+l)(j-K)(J+K+1)(J-K)]"2 (JjL; -K-l K+1 0) 
1 
X (J j L; K I K I 0) + [( j - K + 1) (j + K) (J - K + 1) (J + K)] "2 
)(( J j L ; - K + 1 K - 1 0) (J j L; - K I K I 0) [L L I ) . 
The sum over L can be readily evaluated for different values of K and 
K' by means of equation (5c. 6). 
K:::K'~1/2 
Only the first term contributes 
<' J, j K I (~) 2 I J I, j I K > ::: 6' J J I 6 j j I (J (J + 1) + j (j + 1) - 2 K 2 ) , (5e. 3) 
as 2(j + K) is an even integer. 
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K = K' = 1/2 
In this case, we have a contribution from the last term of 
equation (5e. 2) in addition to equation (5e . 3) . The additional term is 
of the form 
(_)J+j (j + 1/2) (J + 1/2) (5e. 4) 
K' = K + 1 
The second term of equation (5e. 2) yields 
« J, j K \ (~) 2 I J', j' K + 1 ') :: - 6J J' l jj' (5e . 5) 
1 
>( [(j + K + 1) (j - K) (J + K + 1) (J - K)j"2 
as 2j + K + K' is an odd integer. 
K' :: K - 1 
The last term of equation (5e. 2) contributes 
<' J, j K I (~) 2 I J', j' K - 1"> = - 0' J J' 6 j j , 
(5e.6) 
x ((j - K + 1) (j + K) (J - K + 1) (J + K)] ~ 
Vf Calculation of the matrix elements of (s. L) in representation (3.6) 
With equation R(6. 22) we obtain for a scalar product of two 
vectors operating in different spaces 
< J M, j K\(~.~)IJ' M', j' K'> = 2 L(_)L+j'-J 
L 
xl J l-(2L+1)3(2j+1)L(L+1)J~(' 
JJ'MM' (2J+1)2 LJJ;OKK) 
X(L j' J; 0 K' K') W(L L j' j; 1J)<jIj~Uj'>, 
as the reduced matrix element of L is 
F rom the tables of the Racah coefficients of the form W(a b cd ; If) , 
(R(Table 1. 4)), we can infer the relation 
1 
W(L L J" J' " 1J) - ( )2J-2L+j-j'+1 [J(J + 1) (2J + 1)1"2 
- - L(L+1)(2L+1) 
X(W(J J J" J' ; 1L) - (_)J+j-L-1 r [ j(j + 1) l~ 
Cjj' J(J + 1) (2J + 1) {2j + l)J} , 
(5f. 1) 
(5f. 2) 
(5f. 3) 
p 
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which interchange s the role of Land J. If we write furthermore , 
(R(3.16a), R(3 .1 7a)) , 
. -j-K[2J+11 t 2 (L J J ; 0 K K) = (-) 2L + 1 
X ( (J j L ; - K K 0) + (-)j - J + 2 K (J j L ; K - K 0)) 
and with the symmetry relation R( 3 . 1 7b) 
(L ., J . 0 K' K') = (_)L l-2J + II t (J L j' ; K', 0 K') , J , 2j' + 1 J 
we obtain, for equation (5f. 1), 
< J, j KI (~.!::)\ J', j' K'> = [JJ ' 
XL ((_.)J+1-K [(2L+1) (2J+1) (2j +1) J(J + 1) (2j' + l) - lJt 
t... 
xW(J J j' j; 1L) ((J j L ; - K K 0) (J L j' ; K' 0 K') + (_) j-J+2K 
1 
(J . L . K -K 0) (J L ., . K' 0 K')) _ c, .. r 4(2L + 1)2 j(j + 1) J2 
X J , J , JJ' L (2J + 1)2 
X(L j J ; 0 K K) (L j' J; 0 K' K'))(jU~lIj'> . 
(5f. 4) 
(5 f. 5 ) 
(5f. 6) 
We can again apply formula R(6. 4b) for the summation of the first two 
terms over L, while the summation of the last term can be obtained in 
a straight forward manner by using equation (5c. 6). The resulting 
expression is (after suitable re -arrangements of the arguments of the 
Clebsch-Gordan coefficients) 
(J, j K I (~.!::) I J', j' K' > = ~ JJ' (- 6jj , dKK , [j(j + l)J t 
1 
+(J(J+ 1)} 2 ((j' 1 j; K' llKK) (J 1 J ; K' DK K) 
+ (-) J - j' (j' 1 j ; - K' K' + K K) (J 1 J ; - K' K' + K K))( j Ii ~ ~ j , > 
The last term contributes only for K = K' 1/ 2. As we have 
(R(Tabl e 1. 2)) 
= _ -l( J + 1/2 fl t 
2J(J + l-)J 
we can write 
( - ) J - j , [ J (J + l)l t (j' 1 j ; - K' K' + K K) (J 1 J ; - K' K' + K K) 
= 1; Kt ~K' t (_)J-j' [2] -t (J + 1/2) (j' 1 j ; - t 1 t ) . 
The Cle bsch-Go rd an coefficient (J 1 J ; K' 0 K) has the form 
(5f. 7) 
(5f. 8) 
(5f. 9) 
2 
D 
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(J 1 J ; K '0K) = t. KK' 
K (5f. 10) 
[J(J+ l)] t 
So we see that the (s. L)-part of our total Hamiltonian gives a constant 
contribution in the case K = K' :/: 1 /2. 
Vg Calculati on of t he second order ene rgy corrections for the mixing 
of bands with constant j 
The second order corrections in energy to a state 1 b> in a 
time independent perturbation theory a re given by (Ke 58) 
..6 E (2) (b) = L 1 < a I H I I b') I 2 
a :I b E (0 ) (b) - E (0 ) (a) (5g.1) 
where H ' is the perturb ation energy operator and .6E(o) (a , b) = 
E(o) (b) - E(o) (a) are the unperturbed energy dIfferences of the states 
involved. Under the assumptions of Chapte r III , section b , we have to 
consider the perturbation term 
(5 g.2) 
and we choos e as the unperturbed energies 
E(o) (K) = < J, j K IHp + H2 \ J , j Kl . (5g.3 ) 
In this case, we find from the selection rules (3 .25) and (3.27) that 
for a state I b'> = I J, j K'> equation (5g. 1) i ncludes contributions 
from the states 
la,> = IJ,jK+1) , jJ,jK-1) , 
with the exception of 1 b') = 1 J, j j'> and I J , j t') , where we find 
only contributi ons from I a,> = I J , j j - 1'> and I J , j ~ > res p ectively. 
Int r oducing the quantity "s" defined in equation (3. 3 6b), we 
find for the second orde r corrections 
6E(2) (K) = s2 C
2 ((j + K) (f- K + 1) (J + K) (J - K + 1) 
2(Qj - sC) (2K - 1) 
(5g.4) 
[' 2 (j + K + 1) (j - K) (J + K + 1) (J - K)) X (1 - G K -21 ) - (2K + 1) 
Straight forward algebra leads to equati ons (3.3 6) and (3. 37) ~ 
We can check on these results by m eans of the spectroscopic 
stability theorem 
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• L bE(2) (K) = ° . 
Using the expans ion 
((2K - 1) (2K + 1))-1 :: 1.. ((2K - 1)-1 - (2K + Ifl) , 
2 
we find 
J 
L 6E(2) (K) = s2 C 2 1 ~ 
---(-J(J+l)(-j+ .L1+3/2) 
k~11z. (Q . - sC) 2 k.',4. 
J 
J 
+ 1:. (j2 (j - 1) + (j2 + j - 2) L 1 - 6 LK(K - 1) 
2 
+ % (j 2 + j - 9/2))) . 
From the familiar expressions (Ro 60 , p. 115) 
"" 
'" G 1 = n )(., 
VI. 
"\' 1 L,x :: '2 n (n + 1) 
'i.~1 
"" 
rx2 = ~n (n+ 1) (2n+ 1) 
1.-' 6 
we obtain readily 
J 
Ll = 
~ - "a,. 
3/2 
= ~(j2 _ j _ 15/B) 
3 
If we substitute equations (5g. B) into equation (5g . 6), we obtain 
equation (5g. 5). 
Vh Calculation of 2 ~ -pole transitions in representation (3 . 43) 
(a) Core 'part: 'Q('i\) (c) :;: ez~c Y II (c) . 
Application of the expression for the matrix elements of 
(5g. 5) 
(5g.6) 
(5g.7) 
(5g .B ) 
(5h. 1) 
a tensor operator that operates on only one part of the coupled system 
(given in R(6. 25)), equation (3.11) for the expansion coefficients 
a~' j (L) and equation R( 5. 19b) for the matrix elements of the spherical 
harmonics yie lds 
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( )~(2 ~+ 1) (2L + 1) (2L' + 1)21 ~ J+ A-L' - J .. X C-.J _ (2J 1) (- ) (L J J , OK K) 
I-L' IL + 
W(L' JI L J; j).) (L' j JI; 0 K' K ' ) (L' ~ L ; 0 0 0)) Q(~) , 
where Q(~) i s given in equation (4. 9b) . After s uitable a rrange m e nt 
of the arguments of the Clebsch-Gordan and Rac ah coefficients , we 
obtai n by means of equations R(6. 4b) a nd (5c. 6) 
'\' 1 
( J II Q ( (\) (c) II J 1 >:: ~ c J (j , K) c J (] 1 J K I ) [ J J' 1 [KK 1 
j k j' k' 
1 
[ 2 ~ ~ 1]"2 (J ~ J 1 ; K 0 K) Q( ~ ) 4 I~ 
The selection rules are (besides the ones l mm e diately obtainable 
from the final result (5h . 3)) 
f" :: even 
by vi r tue of the properties of the Clebsch-Gordan coefficient 
(L 1 ~ L ; 0 0 0) for even Land L I. 
(b) Particle part : Q(rl) (p) ' = eeff(~)r; Y'A (p) . 
A similar approach as in the cas e of the core part give s 
(JIiQ(lt} (p)/lJI) = L, 2e
eff (i\}c
J (j , K) c J1 (j' , K') 
jl<;'k' 
'I( L " i(2L + 1)2 (2j +'l)]i (_)J ' -j-2j'+ ~-L (L . J . 0 K K) 
L. l (23. + 1) J J 
(L j 1 J 1 ; 0 K 1 K 1 ) W( j 1 J I. j J ; L (\)) Q ( ~ ; j , j 1 ) , 
(5h . 2) 
(5h . 3) 
(5h.4 ) 
(5h . 5) 
(5h . 6) 
where Q( n; j, jl) is given by equation (4 . lOb). If we use the s y mmetry 
relation R(3. 16a) for the Clebsch-Gordan coefficient (L j J ; 0 K K) 
with 
2(L j J ; 0 K K) J - ' :: (LjJ ; OKK)'+(-) J(LjJ ;O-K-K) 
we can split the sum over L in e~qtlation (5h . 6) into two parts , where 
the first part gives contributions for-
K-K'::±(\,±(~-l). ....• , 0 (5h . 7a ) 
whi le the second part contributes for 
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K + K ' = (\ , ~ - 1, . .... , 1 
as K , K' > o. 
As before re -arrangement of the arguments of the angular 
coupling coefficients and application of equation R(6. 4b) gives the 
fin a l result (4. lOa). 
Vi Calculation of M1 transitions in rep r esentation (3 . 43) 
The matrix elements of the ope r ator L in representation 
(3.43 ) are 
~ J J ' r '" J+1-L-J < J II L II J ,>:: L. c (j, K) c (j 1 , K') 6
JJ 
1 L. ( -) 
J I( i' ~I L 
Xl-4 (2L + 1)3 L(L + l)J i (L j J I ; 0 K ' K ;) (L j J ; 0 K K) 
(2J + 1) 
XW(L J 1 L J ; j 1) . 
If we use the expression 
W(L JI L J ; _ 2L-2j+J-J '+1 rj (j + 1) (2j + 1) J i 1) - (-) LL (L + 1) (2L + 1)_ 
. . J' J . 1L j + J-L-1 J(J + 1) 2 
[ 
1 
~ ( W( J J , ) - ( -) j (j + 1) (2 j + 1 ) (2 J + 1)] cr J J') , 
(5h . 7b ) 
(5i. 1) 
(5i. 2) 
which can be inferred from the tables of Racah coefficients R(Tabl e 1. 4) , 
equation (5i. 1) can be written 
1 
X ') ';;(_)L-j-J ' f4(2L + 1) j(j + 1) (2j + 1)J2 W( ' . J' J . 1L) LlI L (2J + 1) J J , 
+ 2 (2L + 1) 6 J J ' [J (J + 1)j i] (L j J ' ; 0 K ' K') (L j J ; 0 K K) . 
(2J + 1) 
(5i. 3 ) 
The second part of the sum in equation (5i. 3) can be directly evaluated 
t o give 
6JJ ,[J(J+1)]i. (5i.4) 
The first part can be treated in the following way. With R(3. 16a) , 
we can write 
2(L j J ; 0 K K) :: (L j J ; 0 K K) + (_)L+j-J (L j J ; 0 -K -K). (5j . 5) 
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If we re-arrange the arguments of the Cl ebsch-Gordan coefficients 
(R(3 . 17c), R(3. 1Gb)) 
r 2J + 1] ~ (LjJ; OKK)=(-)j+K L2L+1 (jJL , -KKO) 
(L j J '; 0 K'K')= (_)J'-L-j (j L J' ; K ' 0 K') ( 5i. G) 
1 
(L j J ; 0 - K - K) = (-) j - K U ~ : 11]2 (j J L ; K - K 0) , 
we again use equation (5d. 1) for the summati on over L and obtain , 
after suitable application of the symmetry relations f o r the Clebs c h-
Gordan coefficients (R(3. 17b) , R(3. 16c)) , f o r the f i r st part of the sum 
in equation (5i. 3) 
1 
- L c J (j, K) c J ' (j', K') too, lj(J + 1) (2J ' + l)J 2 
jk/k
' 
JJ (2J + 1) 
(5i. 7) 
X ((J' 1 J ; K' DK K ) (j 1 j; K' .&K K) + (_)j-J' (J' 1 J ; -K' K'+K K) 
)( (j 1 j ; - K' K' + K K)) , 
where 6K ~ K - K'. 
Similarly, we find for th-e matrix elements of 1 and s in 
- -
repr esentation (3.43) 
1 > I J J' '" L+1+j-J'-2J < JlsIIJ'> = ,c (j, K) c (j', K') L)-) 
J I( ~I k.' L (5i. 8) 
X(L j J; 0 K K) (L j' J'; 0 K' K') W(j' j J' J; 1L)<jl\~1( j') 
For the further reduction of these terms the procedure given above 
(starting from equation (5i. 5)) is repeated to give 
1 
1 J J' 12J' + 1 J 2 (JUsIiJ'>= ~c (jK)c (j',K') 2J+1 
- J Ie' ll~' 
X((J' 1 J ; K' 6K K) (j' 1 j; K' bK K) + (_)J'-j' (5i. 9) 
X(J' 1 J ; -K' K + K' K) (j' 1 j; -K' K + K' K)) 
Equations (5i. 4), (5i. 7) and (5i. 9) together with the relation 
1 
< j II 1 h j' > = - < j II s II j ''> + t oo r j ( j + 1) l 2 
- - JJ' J 
(5i. 10) 
which can easily be obtained from the matrix elements of ~ and s 
given in equation (4.15) and the values of the Racah coefficients involved , 
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yields 
1 
= & J J I (J (J + 1)] "2 (JII J = L+l+sIIJ') (5i. 11) 
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B , THE LOW LYING POSITIVE PARITY STATES OF Ne 21 
VI Introduction B 
In this section (B), a detailed application of the model intro-
duced in section A will be given for the positive states of Ne 21 below 
6 MeV. 
Litherland et al. (Li 61) have shown that the spectrum of Ne 20 
can be resolved into various rotational bands. Thus, in terms of the 
model proposed here, the coupled system of the positive parity ground-
state band of the Ne 20 core and a 2s - 1d neutron should represent the 
low lying and some of the higher positive parity states of Ne 21 with 
isotopic spin T = 1/2. 
The model, however does not account properly for anti-
symmetrisation effects. To give at least some crude improvement 
on this situation, we consider the number of levels obtained b y applying 
the SU 3 classification scheme (El 58) to Ne 21 , Assuming the Ne 20 
groundstate band to be of the spatial structure 
(41, (8,0) with .t= 0,2,4,6,8 (K = C)) (6. 1) 
cr f] partition of the , number of particles. corres~onds to multiplet 
classification; (1\, JJ.) partition of irreducible representations of SU 3 ), 
we find that the addition of another s - d particle gives the levels 
[4 n ' (8, 1) with .e = 1, 2, 3, 
(6,,2) with J! = 2,3,4, . ... , 
R..= 0,2,4,6 
The pos sib Ie partiti on 
9 (K = 1) 
8 (K = 2 ) 
(K = 0) 
[ 51 ' (1 ° , 0) with ..e = 0, 2, ... . • 10 (K = 0) 
is excluded by the Pauli principle . 
If we work in j-j coupling rather than L-S coupling, we have 
to consider bands with 
K = 5/2,3/2,3/2, 1 /2, 1/2 
and have to exclude one band with 
(6. 2a) 
(6. 2b) 
(6.3a) 
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K = 1 /2 . 
It should be noted at this point that the band (6. 3b) consists of a (not 
yet determined) m ixture of j = 5/2,3/2,1/2 particle states. 
(6. 3 I 
If we assume that the j = 5/2 subshell is filled first , we can 
hope that 
(a) the truncation of the j = 5/2 K = 1/2 band is a 
reasonable approximation to the SU 3 situation. 
The calculations of .our model lead to satisfactory results in this 
case with the inclusion of only the quad ru pole - quadrupole and (~.!:-) 
parts of the interaction Hamilt onian . This 1S the equivalent procedu re 
in our model to the Nilsson model calculations for Ne 21 by Bhatt (Bh 62) 
and the asymmetric core model calculations by Chi and Davidson (Ch 63 ). 
A second method wou Id be to retam a ll the j = 5/2 bands and for 
(b) choose the interaction parameters in a way to 
lift one band in "L-S coupling11 with K :: 0 , 1 :: 2 
high up in energy, 
and so allow only a small admixture of this band in the final lower 
states. This can be achieved in a natural way by t aking the term with 
n = 4 (the max i mal term in the case of a coupling of s - d particles) of 
the Hamiltonian (2.17) int o consideration. As the SU 3 wave functions 
for Ne 2 1 are mixtures of five partic Ie wave functions, this procedure 
seems re asonable with regard to equation (6. 2b). 
The Ne 20 ground state band is not ideally rotational, thus 
indicating that the intrinsic part of the core wave function depends 
slightly on L. For the energy calculation, we will approximate this 
situation by taking a variable moment of inertia for the states with 
different L and retaining simple wa ve functions of the type (1. 3) for 
t he core. With this approximation , the fi rst 7 /2 state turns out too 
low by approximately 10o/c . This deficiency can possibly arise from 
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+ 20 the uncertainty of the determination of the 6 state of the Ne ground 
state band and / or the approximation of employing the wave functions 
(1. 3). The situation can be rectified either by allowing for a rise of 
approximately 20% in the position of the 6+ state or by changing the 
parameters of the 2n - 2n pole interaction part of the Hamiltonian for 
this state, which depend on the intrinsic wave function, in a reasonable 
manner (see ChapterIXc). 
Chapter VII gives a collection of the available experimental 
20 21 data for Ne and Ne . It is followe d by a review of t he p revi ous 
theoretical interpretation of these dat a ln Chapter VIII. In Chapter 
IX the results of this model for the energy are discussed. Special 
consideration is given to a coupling s cheme different from the one 
proposed in section A and to the discussion of the 2n - 2n pole 
interaction parameters. In Chapter X moments and transitions for 
the final states are calculated. After a general discussion of the 
results and comparison with the collective model calculations, this 
section is concluded by an Appendix (Chapter XII) concerning some 
details of calculation. 
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VII Experimental Data 
a. 
The Canadian Chalk River Group has carried out quite ex-
tensive y.rork on Ne 20 using the reaction C 12 (C 12 , 0' 'Y) Ne 20 . The 
resulting energy scheme is given in Fig. 2 . A slight deviation from 
the rotational pattern is noticeable. If we assume a spectrum of the 
form 
E = C L L(L + 1) = 
112 
L(L + 1) , 
29L 
we find for the ground state band 
C 2 = O. 2 7 MeV, C 4 = O. 21 MeV , C 6 " O. 18 Me V . 
The 7.60 MeV level with LlC = 6+ is not definitely established . 
The lifetimes of the 2+ and 4+ levels of the ground state 
band have been determined by Clark et al. (CI 61) by the Doppler 
shift attenuation method. The results are 
r (1. 63 MeV) = (5.6 -1. 2+2.8) X 10- 13 sec 
/:(4.25 MeV) = (0.76_0 .52+0.72) X 10- 13 sec. 
The lifetime for the 1.63 MeV state is in agreement with the value 
+ -13 
of (7.6 - 3.3) X. 10 sec given by Dev ons et al. (De 55) and the 
value of 7.6 X 10- 13 sec determined by Lemberg (Le 60, p~118) 
from the Coulomb excitation of Ne 20 . 
(7 . 1a ) 
(7.1b) 
(7. 2) 
Experimental investigations of Ne 21 energy levels have been 
carried out by several workers, using the reactions 0 18 (O',n) Ne 21 , 
Ne 20 (d, p) Ne 21 , Na 23 (d , O') Ne 21 , and F19 (He 3 , p) Ne 21 . The 
results of the papers before 1959 are summarized by Hinds and 
Middleton (Hi 59), who use the last reaction. A detailed study of the 
reaction Ne 20 (d, p) Ne 21 was made by Freeman (Fr 60). Nearly all 
the 60 levels measured by Hinds and Middleton are also obtained by 
Freeman. The available spin and parity assignments are mostly 
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EMeV 
10 
9.11 4+ 
8.84 5-
8 7.86 2+ 
7. 6· 7.45 ~ 7.22 Q+ 
7.02 4- 7.19 
3-
0+ 6.75 
6 3- 5.80 1-5.63 
4191 2-
4 4+ 
4 
2 
1 
o 
FIGURE 2 
Energy spectrum of Ne 20 from r efe rence (Li 61). 
£ 
J 
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determined from the angular distribution curve s of the (d, p) reacti on 
and are given by Burrows et al (Bu 56). A spin of 7/2+ has recently 
been reported for the 1. 74 MeV state by Howard et al. (Ho 63) and 
Pelte et al. (Pe 63/64). The latter group, investigating the angular 
distribution of the gamma-rays and protons from the (He 3 , p 'Y ) reaction , 
furthermore give the possibilities of J IC = 1/2+, 3/2+ for the 3.66 
MeV state. 
These results agree with the available data for the mirror 
nucleus Na 21 given in the paper by Ajz enberg et al. (Aj 61), who 
investigated the reaction Ne 20 (d, n) Na 21 . Analysis of the angular 
distribution curves was carried out by distorted wave Born approxi-
mation (DWBA). The 1. 73 MeV state gives no agreement for 
J., = 0 l 1, 2. An assignment of 7/2+ is tentatively suggested by the 
authors . The transitions indicated in Fig. 3c for the 2.86 MeV state 
(from(En 62)) would give a Jir of 7/2+ ~ J"ir ~ 3/2+ for E2 and 
J \ ~ ~ 5/2+ for M1 transitions l if we assume the 1. 73 and 3. 57 MeV 
states to be 7/2+ and 3/2+ respectively. The 5/2+ assignment for the 
2.86 MeV state is supported by the existence of a similar state in that 
energy region in Na 23 (see Gove (Go 60)). 
Using also the Nuclear Data Sheets (NDS 60), we can finally 
infer a spectrum for Ne 21 states below 6 MeV as given in Fig 3a. 
21 The quadrupole moment of the ground state of Ne has been 
determined by Grosoff et al. (Gr 58) from the hyperfine structure as 
QM ::: e(+O. 093 ~ 0.010) X 10- 24 cm 2 . (7 . 3) 
The magnetic moment of this state is given by La Tourette et al. 
(To 57) 
J.-l = -0.662 nm, (7 . 4) 
using the molecular beam magnetic resonance technique and taking 
into account diamagnetic corrections. Andreev et al. (An 60) have 
investigated the Coulomb excitation of the first excited level(this 
-
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4.43 
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0.35 
o 
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5.68 
- - - - 5.55 
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n 
__ - -3.85 
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" 
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7h.+ 
- - - -1 .60 
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512 3.89 
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FIGURE 3 
1 
3/ :! S/-!-2, 2 
( + 5/2 ) 
1 
Comparison of measured and calculated energy s p ectrum of Ne 21 . 
(a) Energy s p ectrum of Ne 2 1 . (Compare text. ) 
(b) Calculated energy s p ectrum of Ne 21 , case (b). 
(c) Energy s p ectrum of Na 21 from references (Aj 61), (En 62). 
(The Na2 1 ground state is 3.53 MeV above the Ne 21 ground 
state ) . 
----
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result is also reported in a conference contribution by Lemberg 
(Le 60, p. 12 6 )) . They found that the transition 3 / 2+ ~ 5/2+ 
was mainly of the E2 type with a reduced matrix element of 
This value would correspond to a partial lifetime for the 5/2+ 
state of 
lE2 ~ 9.2 X10- 10 sec. 
A direct measurement of the lifetime by Khabakhpashev and 
Tsenter (Kh 59a) gives 
z- = ( 6. 2 ~ 6. 2) Xl 0 - 11 sec, 
and from the angular correlation, they determined the transition 
to be mainly M1 (Kh 59). Deuchars and Dandy (De 61) determined 
the ratio of the amplitude of the electric quadrupole transition to 
the amplitude of the magnetic dipole transition from the angular 
distribution curves as 
From the life times given in (7. 6) and (7. 7) we can calculate the 
partial life time (;M1 of the 5/2+ state by 
as 
7: 
M1 
+7.61 -11 (6.67_ 5 . 78 )(10 sec. 
With the values (7 .6 ) and (7. 9 ) we find for 
1 
= [T(E2)l'2 
T (M1)J = 
(7. 5) 
(7. 6) 
(7. 7) 
(7.8 ) 
(7. 9) 
These values of & are higher than the values given by Deuchars and 
Dandy. If we use the Weisskopf estimate given by Wilkinson (Wi 60), 
we find for the ratio of the measured E2 transition probability of the 
- 6 7-
3/2+ -7 5/2+ 0.35 MeV transition to the single particle estimate 
The lifetimes of the 1. 74 MeV, 2.29 MeV and 2.87 MeV excited states 
and the branching ratios for the decay of these states have been mea-
sured by Evans et at (Ev 64) (see Fig. 4). The resulting partial 
transition probabilities are represented in Table IX and are com pared 
with the values obtained from the branching rati os of P elte et al. 
(Pe 63/64). 
A value of 
&(7/2+ -~ 5/2+) = O. 11 ~ 0.04 
was obtained in (Pe 63/64) for the M1 -E2 mixing of the 7/2+ ~ 5/2+ 
1 . 39 MeV transition using the value (7 . 8) of Deuchars and Dandy for 
the ground state - first excited state M1-E2 mixing. The authors 
state that the magnitude of this value does not influence their result 
very much. 
Further comments are presented in the paper of Pelte et al. , 
on the close agreement of the branching ratios of the 2 . 80 MeV state 
with the theoretical collective model value for pure E2 transitions and 
the measurement of the 0.87 MeV transition of the 3.67 MeV state to 
the 2. 80 MeV state instead of the energetically more favoured ground 
state transi tions, indicating a different structure of this state as com-
pared with the lowest states. 
+ 21 21 The f3 decay of Na to the Ne ground state is super-
allowed with a log ft of 3.6. There is a branch of 2. 2o/c to the first 
excited 5/2+ state with a log ft of 5.0 (En 62). 
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EMeV 
3.66 312+ 
7 
2.87 I 5/2+ 
.. 
2.80 1f2+ 
3 J. 5 6 
1. 71. ~ 712+ 
1 2 
0.35 1 1 1 5/2+ 
0 ~ 3/2+ 
FIGURE 4 
Decay of the Ne 21 states between l. 50 and 3.70 MeV. 
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a 1.74 2.79 2.87 3 . 66 
b 1 2 3 4 5 6 7 
c >98 ..::.2 40 60 70 30 
d 94 6 50 50 > 50 >20 
+9 . 0 +2 3+3 7+ 20 . 3+ 7 e 5.5_ 3 . 0 
~ 0.1 2 
-1 
-2 -3 -1 
f 5.4+8 . 3 0.3+ 0 . 5 2.5+2 . 5 2.5+ 2 . 5 
- 3. 1 -0.2 
-1. 5 
-1. 5 
a. Level energy in MeV 
b. Transition number from Fig. 4 
c . Bra.nching ratios after (Ev 64) in o/c 
d. Branching ratios after (Pe 63/64)in 0/( 
e . Partial transition probabilities after (Ev 64)in 10 12 sec- 1 
f. Partial transition probabiliti es with the branching ratios of 
12 - 1 
Pelte et al (Pe 63/64) in 10 sec . 
TABLE IX 
Branching ratios and partial lifetimes of the experimental Ne 21 levels 
between 1. 50 and 3. 70 MeV. 
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VIII Previous Theoretical Interpretations 
As was pointed out in the Int roduction A (Chapter I), the 
core-particle coupling model does not draw upon the interpretation 
of the core in terms of any specified model. 20 In the case of the Ne 
core, e . g. , interpretation of the energy structure with both the shell 
model and collective mode 1 pictures have been presented. 
A straightforward theoretical interpretation (Li 61) can be 
gi ven with the collective mode 1 as suming a Hamiltonian 
H = C(L)2 
core 
(8. 1) 
wi th eigenfunctions 
K 
IL M K > = X. L .. L intrinSic (8 . 2) 
For the ground state band with KL = 0 the energy is then given as 
in equati on (7. 1). 
The deviation from the pure rotational character cannot be 
explained in terms of the usual first-order corrections to the col-
lective rotational bands. The rotation vibration interaction (Mo 57, 
p. 532) 
H RV = - const L2 (L + 1)2 (8. 3) 
does not account for the deviations (although it should be significant 
at the beginning of a shell, where the rotational spacing is large). 
The rotati on partic Ie coupling (Ke 56) does not gi ve any contribution, 
for there is no nearby interacting band with KL = 1 and positive pari ty. 
Shell model type calculations using the SU 3 classification 
scheme have been carried out by Chacon and Moshinsky (Ch 62) and 
Banerjee et al. (Ba 63). 
b. 21 Ne -
The simplest version of the shell model predicts a ground 
+ 21 state of 5/2 for Ne ,a magnetic moment of -1. 91 nm and a 
quadrupole moment of zero. Flowers (Fl 52) has calculated an 
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improved value of -1. 27 nm for the ground state magnetic moment 
by considering the configuration (d 5 / 2)5 with total J = 3/2 and T = 1/2. 
He also indicated that the quadrupole moment of odd neutron nuc lei 
can be improved by an appropriate coupling of proton pairs and 
neutrons. Rakavy (Ra 57) performed some preliminary calculations 
in the region beyond 0 16 using the Nilsson mode l. 23 For Na and 
similarly for Ne 21 and Na 21 he predicts above the ground state of 
3/2+ and the first excited state of 5/2+ a state of J Ii: = 7/2+. 
Approximately 1 MeV above the 7/2+ state should be a 1/2+ level. 
+ + A 3/2 and a 5/2 level should appear between 3 and 4 MeV . Paul 
and Montague (Pa 58) considered another type of collective model 
calculation for Na 23. They arranged thre e rotational bands based on 
K = 1/2,3/2, 5/2 so as to reproduce the lowest 3/2+, 5/2+, and 
+ 1/2 levels by means of the RPC interaction between the bands. 
This version was applied to Ne 21 by Freeman (Fr 60a). 
She obtains roughly the following spectrum for Ne 21 : 
(8 . 4) 
E MeV 0 0.35 1. 35 2.80 2.85 3.00 3.55 5.15 5.25 
More detailed results were obtained with the Nilsson 
model by Bhatt (Bh 62) and with the asymmetric core model by 
Chi and Davidson(Ch 63). 
Bhatt I S calculations yield an energy sequence (t~ken from 
the illustrations): 
J 5/2 3/2 1/2, 7/2 5/2 3/2 
(8. 5a) 
E MeV 0 0.40 1. 55 2.90 3.40 
for a deformation parameter of 3 2 0) , while for ~= (and < i-LJ:. :> = 
\= 4 (i-L = 0) a spectrum 
r 
J 
E 
Mev 
3/2 
o 
5/2 
0.75 
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1/2 , 7/2 
2.20 
is obtained. The remaining parameters used are 
spin-orbit parameter: 0.07 <f ~ ~ 0.10, 
osci llator spacing: h 0.J = 41 A - 1/3 Me V; 
o 
3/2 
3.45 
the rotational parameter Cis taken as the mean value of 
neighbouring even-even nuclei. 
For a deformation of I't = 3, the magnetic moment of the 
first 3/2 state is 
fJ. 3 / 2 ( 'It = 3) = -0.60 nm 
while the reduced E2 transition probability of the 3/2 ~ 5/2 
0.35 MeV transition 
B (E 2 ~ 3 / 2 ---.,. 5 / 2 ) -50 4 = 0.8x10 cm 
for 1. = 4 is still too small by a factor of about 3. 
In the case of increasing deformation, the agreement of 
(8. 5b) 
(8. 6) 
(8 . 7) 
the magnetic moment with the experimental value (7. 4) deteriorates 
(JJ.3/2 ( rt = 4) = -0.90). 
The results of the asymmetric core model calculation for 
Ne 21 are 
energy: 
J 3/2 5/2, 3/2 7/2 1/2 5/2 9/2 3/2 5/2 
(8 . 8) 
E MeV 0 0.35 1.952.704.204.304.604.95 
(parameters {3 = 0.090, P = 0.74, 4G = 0.05, 'Y = 20 0 , 11 (..)0 = 60.44 
MeV) , 
magnetic moment of ground state 
= -0.567 nm, (8. 9) 
quadrupole moment of ground state 
(8 .10 ) -24 2 0.014 )( 10 cm = 
lifetime of first excited state 
L = 1. 65 x: 10- 9 sec. (8 . 11) 
IX 
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2 1 
Discuss i on of the Core-Particle Cou pling Model for N e 
a. Energy Matrix 
The matrix elements of the Hamilt oni an (2. 17) for the coupled 
s y stem of a 2s - 1d neutron (in j-j coupling picture) and the N e 20 core 
in representation (3.6) according to general material in Chapte r III , 
section A, are given in Table X. In this t able the reduced param et ers 
fn 
Qll' (n) = IL <intr II an (Rc )lIintr» < 1 II an (rp)ill'> (9 . 1) 
are used for the 2n - 2n pole interaction part of the Ham iltoni a n. 
For particle states with j = 5/2,3/2,1 /2 , t h e hi gh e st c ont ri buti ng 
term occurs for n = 4. The single partic ie part of the Hamiltoni an i s 
preliminarily fixed by introducing 
E(l) - E(2) . (9 . 2 ) 
In equation (9.2), it is assumed that 
H' = T + V(r ) p p 
depends on the angular quantum number 1 only (besides the dependence 
on the oscillator quantum number n, which is suppressed) instead of 
depending on j as assumed in equation (3.4). 
The parameter D' for the coupling of partic le spin and angula r 
momentum of the core i s subscripted to allow for a differe nt coupling 
strength in the case of a j = 1/2 particle (Do') and a j = 3/2, 5/2 
particle (D 2 '). 
A normalisation 
1 
aJ,j (L) = (_)J-j \2(2L + 1)-J2 (L j J ; 0 K K) 
K l (2J + 1) (9. 3) 
instead of the one given in equation (3.11) is used throughout the 
applications of the model. Naturally this choice does not affect the 
phy sical results. The equivalence of the wavefunction (3. 6) with the 
strong coupling wave function (3.8) is then only given up to a phase 
factor. 
The difference in the matrix elements for the case when 
J - 1/2 is even and J - 1/2 is odd, stems from the sign factor of the 
J - .!. 
2 
J K 
5 5 
2" 1 
5 
2" 
3 
2" 
5 
2 
3 
2" 
1 
2" 
5 
2" 
3 
2" 
1 
2" 
3 3 
2" 2" 
5 5 
2" 2" 
3 
2" 
1 
2 
3 3 
2" 2 
1 
2 
5 5 
2 2 
3 
2 
1 
2" 
3 3 
2 2 
1 
2 
1 1 
2" 2 
J' 
5 
2" 
3 
2 
1 
2" 
K ' Q22 (2 ) 
5 5 
"2 -IT 
3 
2" 
3 1 
"2 IT 
1 
2 
1 
2" 
1 ? 
2 "1 
3 
2 
3 3 
2" -IT 
3 
2 
3 1 
2" - :; 
1 
2 
1 
2 
1 (6)~ 
2 -28 
1 
2 
1 1 
2 :; 
1 
2" 
1 
1 
1 
2 
1 
2 
1 
2 
1 
2 
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Q20(2 ) Q22 (4 ) D E 20 C D' 
3 15 5 
28 - 1 J(J+l) - ""4 - TO 
- ~[5(2J+5)(2J -3)) ~ fa [ 5121+5)(2J - 3)] ! 
9 
JIJ+l) • ¥ 13 -28 - 1 TO 
- [2121+3)(2J - l)] ! -r\;C212J+3)(2J-l)] ! 
2 J 2 _ 2J+¥ faI 6J - 31 ) 14 -1 
Th- [0121+5)(2J - 3) ] 1 
3 6 
IT -TO 
- fa [21 2J +3)(2J-l)] t 
3 3 1.5 JI1+1) - :; TO 
~[3(2J+3)(2J-l)] I 
3 1 (6)1 
- IT (6)' 
- 20 12J+3) 
- ~ [31 21+3)(2J-l)]! 
- fa [ 3(21+3)(2J-l)J! 
1.5 J2 + 3J ... ¥ Th- 12J+8) 
0~ 
4 
-~)~ 
4 
J2 _ .!. 1 ~ IJ -~) 4 
TABLE X 
The matrix elements of the Hamiltonian (2.17) for the s-d shell. 
(j = 5/2, 3/2 1 = 2 j = 1/2 1 = 0). 
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K J' K' Q22(2) Q20(2) Q44(2) D E 20 C D' 
5 5 5 5 5 3 J(J+I) - ¥ 5 2 "2 "2 "2 -14 2ii -I TO 
5 3 
_ ~ [5(2J+5)(2J-3)] 1 ~ L6(2J+5)( 2J -3)J t 
"2 "2 
3 3 1 9 
J(J+I) + ¥ 13 
"2 "2 14 -28 - I TO 
5 1 
"2 "2 
3 1 
- l2(2J+3)(2J -I)] 1 -r5- [2(2J+3)(2J - I)] 1 "2 "2 
1 1 2 3 J 2 + 4J + ¥-
- ~ (6J+37) 
"2 "2 "7 14 - I 
5 3 3 
-r5- [5(2J+ 5)(2J -3)] 1 
"2 "2 "2 
3 3 3 2- 6 
"2 "2 -14 14 -10 
1 3 
- ~[2(2J+3)(2J-I) ] t 
"2 "2 
3 3 3 1 
J(J+I) - i 3 2 "2 "2 - 4 1.5 TO 
~ 5 1 "2 "2 
3 1 
-r5- [3(2J+3)(2J-1)1 t 
"2 "2 
1 1 _~1 
_ ~ (6)t t 
"2 "2 28 W (2J -I) 
3 3 1 
_ H3(2J+3)(2J- l)] t _ ~ [3(2J+3)(2J-I)] t 
"2 "2 "2 
1 1 1 
J2 _ J + * 1 "2 "2 4 1.5 - TO (2J -6\ 
5 5 1 1 
2 "2 "2 "2 
3 1 
"2 "2 
1 1 (3)1 
"2 "2 4 
3 3 1 
2 "2 "2 
1 1 .<~)t 
"2 "2 4 
1 1 1 
J2 + 2J + i 
- ~ (J+~) 2 "2 "2 1 
Table X (Cont. ) 
• 
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decoupling term (see equations (3.31) - (3.34)). 
Instead of the procedure for the diagonalisation of the Hamiltonian 
outlined in Chapter III with the coupling scheme 
1. j = l+s 
2. J = !:: + i 
we can use the alternative coupling scheme 
1. I = L+l 
2. J I + S 
The first scheme, which uses as j - j particle, is more appropriate for 
case (a), suggested in Introduction B (Chapter VI) for partial consideration 
of antisymmetrisation effects, as j and its projection on a body fixed 
system K are good quantum numbers in the Intermediate representation 
(3.6). The second scheme with good quantum numbers 1, the orbital 
angular momentum of the particle, and its projection Kl for corres-
ponding intermediate wavefunctions (L-S particle) will be employed for 
case (b). 
To obtain the transformation matrix between the two schemes 
we proceed in the following way: we choose as a zero order wave-
function 
I I MI , L 1'> = L (L 1 I ; ML ml MI ) \ L ML ail 1 m l,> , 
fv1 L WIt 
the vector coupled wavefunction of the core and the particle wave-
function (2.2) without the spin part. Diagonalisation of the part 
H(l) = H~ +H2+H4 
(9.4) 
of the Hamiltonian (2.17) (see equations (3.2)), retaining 1 as a good 
quantum number, yields matrix elements of H( 1), which do not depend 
on the quantum number I (compare equation (3.4) and Table I). With 
the introduction of a (positive) quantum number Kl representing the 
projection of the orbital angular momentum of the particle on a body 
fixed system in this case, the resulting wavefunction \ IMI , lK1'> can 
be written 
-77-
The values of a~ 1 for 1 = 0, 1, 2 are given in Table XI. 
1 
As in the j-j coupling case. the equivalence of the wave-
function (9.5) with a "strong coupling wavefunction 11 of the type 
= 
1 r (21 + 1) 1 2"
l16'i\2(1 + f ) KO 
1 
+ (_)1 -1 I 1 '- <# I } 
-K{ o(J M -K 
I ' 1 
can be established for a suitable choic e of phase of t h e expansion 
coefficients aI, 1 (L) 
Kl 
The closed expression for these coefficients 
corresponding to equation (9.3) then takes the form 
ai 1 (L) 
1 
1 
r 
2( 2L + 1) ]2 
J2I + 1) (1 + 6K 0) 1 
1 
(9 . 5) 
( 9. 6) 
(9. 7) 
The factor {1 + [K 0 )-2 arises from the vanis hing of the degeneracy 
1 
of the strong coupling wavefunction (9. 6) in the case Kl = O. It can 
easily be seen from the properties of the Clebsch-Gordan coefficient 
(L 1 I; 0 0 0) (or the wavefunction (9. 6)) that for the Kl = 0 bands only 
states with even I occur for even values of 1. 
In the next step we couple the spin of the particle to the 
angular momentum I to give J = I + s. The resulting eigenfunctions 
are 
- -
I J M, (I = J ~ 1/2, 1 , K l ) 1/2) = 
\"' L (I 1/2 J ; MI m s M) I I MI , lKl '> I 1/2 m s '> . 
HI ...... s 
We can then calculate the matrix elements of the Hamiltonian in 
terms of these wavefunctions. The final diagonalisation process 
yields wavefunctions 
(9. 8) 
1 1 Kl~ 1 
even 0 0 1 
1 - 1 
[ 1 1 (21) "2 
odd 1 0 
"2 (21+ 1)J 
odd 1 [.!. (21+2)J i 
2 (21+1) 
even 1 
1 - 2 
t~en 2 0 1 [3 (21)(21-2) 1 t 
"2 2(21-1)(21+1) 
[.!. (21+~'(21-2)1 t even 1 
2 (21 - 1)(21+1) 
odd 1 
even 2 .!.[.!. (21+4)(21+2)] t 
2 2 (21-1)(21+1) 
odd 2 
1 1 + 1 
_ [.!. (21 +2 )] ~ 
2 (21+1) 
1 (21) "2 [ 1 
2(21+1)] 
1 
1 - 1 1 
[ 1 (21)(21+2) J! 
- "2 (21+3)(21-1) 
[ 6 ] ! 
- _2(21+3)(21-1) 
[.!. (21-2)] } 
2 (21+1) 
.!.[ (21+4)(21-2)] t 
2 3 (21+3)(21-1) 
[.!. (21+4)] t 
2 (21+1) 
-- -- - -
TABLE XI 
Expansion coefficients a~ I (L) 
I 
1 + 1 
- [.!. (21+4)J ~ 
2 (21+1) 
[.!.( 2I-2) l t 
2 (21+1) 
-----
1 + 2 
.!. [~(21+4)(21+2)J t 
2 2 (21+3)(21+1) 
1 
_ [1 (21+4)(21) ] "2 
"2 (21 +3 )(21+1) 
1 [1 (21)( 21-2) J ~ 
"2 "2 (21+3)(21+1) 
I 
~ 
I 
"'l 
OJ 
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\ J M '> = ) : b J (I, 1, K
l
) I J M , (I , 1 , Kl ) 1 /2 > , I, t, I(e 
(9. 9) 
which are equivalent with rep resentation (3.43 ) . The transformation 
between representation (9.8) and (3.6) (or (9.9) and (3.43)) is given 
by the equations (see Appendix XIIa for details of calculations): 
I J M, j K)- = L (_ )j+ 1 - ~ 
I I Kt.1 t 
[
( 2 j + 1) (1 + ~ Kl 0) l ~ 
(21 + 1) J 
and the inverse 
I< (j 1/2 1 ; K Kl K K l ) (J 1/2 I ; K 
X \ J M, (I, K l , 1) 1/2 > 
K-K K ) 
1 1 
'\' I J M, (I, K l , 1) 1/2 '> = G F (J I j 1, K K l ) I J M, j K> . j k 
The transformation coefficients F (J I j 1, K Kl ) for the 
case of a 2s - 1d particle are given in Table XII. 
b. Discussion of the parameters of the Hamiltonian 
For the final diagonalisation of the total Hamiltonian H in 
representation (3.6) we have to consider the following param eters: 
(9. lOa ) 
(9. lOb ) 
(9.11 ) 
If we assume the term H2 + H4 to stem from a sho rt range 
force of the Yukawa type 
exp( -/.l I ~c - I p \ ) 
/.l I ~c - Ip I 
we find after suitable expansion the relations (for details of calcu-
lation see Appendix B, Chapter XIIb) 
by using harmonic oscillator wavefunctions for the particle and the 
.radial density distribution 
,,~ 1(2) 
L 
(9. 12) 
(9.13) 
(9.14) 
,=-u _ 
-
TABLE XII 
2 2 2 2 2 1 2 1 2 0 0 0 
J-~ 1 J-~ 1 J-t J-t J-- J+--
2 2 2 2 (J+t) (J+t ) 
1 
5 5 [~ (2J+5)] 2 [~ (2J -3)] 
2 2 2 (2J+1) 2 (2J+1) 
. 1 1 1 1 
3 I [~ (2J-3)J 2 _[ ~ (2J+5)] 2 [~ (2J+3)1 2 [~ (2J-1)]2 2 10 (2J+1) 10 (2J+1) 5 (2J+1) 5 (2J+1) 
I 
co 
0 
I 
1 1 
1 [~ (2J-1)]2 _[~ (2J+3)]2 mt 2 5 (2J+1) 5 (2J+1) 
1 1 1 1 
3 3 I [~ (2J- 3)I 2 _[ ~ (2J+5)]2 _[ ~ (2J+3)j 2 _[~ (2J - l)]2 3 2 5 (2J+1) 5 (2J+1) 10 (2J+1) 10 (?J+1) 
1 1 1 
1 l ~ (2J-1) J2 [3 (2J+3)]2 
-[~J 2 2 10 (2J+1) - 10 (2J+1) 
1 1 
2 2 + 1 
T ransformation coefficients between the " j_j coupling " picture and the "L - S coupling " picture . 
l J 
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(with harmonic oscillator u
nl ) for the core , 
If we assume H2 + H4 to be a long range potential of the form 
given in equation (2 , 14), we get, usi ng the same wavefunctions for 
core and particle as in the calculation of equation (9 , 13) 
= 
(9.15) 
= -0, 9 
where b is the "shape parameter" for the harmonic oscillator wave-
functions. 
In the collective model pictu re the equivalent of the inter-
action Hamiltonian stems from the expansion of the nuclear radius in 
terms of the deviations of the shape of the nucleus from spherical 
symmetry . The omission of terms of higher order than Y 2 seems 
to be justified for this picture at the present stage. A more accurate 
and detailed examination of higher order electric moments could 
possibly throw more light on this question. 
In the case of the introduction of a phenomenological potential 
of the type (2.14) the situation is different. Equation (2.14) can be 
assumed to represent the Rayleigh expansion of a yet undetermined 
spherical interaction potential. Although not much can be said about 
the respective "coupling strengths" fn (dimension: energy ) and the 
II h t II I (d ' , s ape parame er fJ. lmenSlon: length -1 ), the omission of 
higher order terms does not necessarily s ee m valid, as is indicated 
by the example of a short range force. 
As was pointed out in section A, the inclusion of these terms 
does not affect the intermediate wavefunctions, but it gives a greater 
flexibility in adjusting the separation of bands. In the following, we 
will treat the Q1lI (n) as free parameters to account for these require-
ments. 
For the parameter D, we can get an estimate from 0 17 (see 
! Ajzenberg-Selove and Lauritsen (Aj 59)): D = 2 MeV , Kurath (Ku 56) 
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has examined the v ariation of this parameter in the p shell. He found 
that the curve of D plotted against the total number of nuc leons A, 
gives a smooth increase up to A = 8 with D ~ 2 MeV, a steep increase 
between A = 9 - 12 and a smooth increase to D <"=- 5 MeV at the end of 
the shell. If we anticipate a similar behaviour in the s - d shell, we 
would have a parameter D between 2.5 and 4 . 5 MeV. D~ and D2 are 
essentially free parameters, though one would expect 
To account for the differing C values of the L states of the core, we 
calculate the matrix elements of H with the energy values of the 
c 
ground state band of Ne 20 as given in Fig. 2 (see Appendix XII c). 
The separation of the 1 = 2 partic Ie and the I = 0 partic Ie E, can be 
taken from 0 17 to be approximately -1. 1 MeV. With the filling of 
the shell, one would expect this separation to get smaller, as the 
centrifugal repulsion on the d particles dec reases. 
c. Results for energy and final wavefunctions 
As pointed out in the Introduction B (Chapter VI), we will 
e mploy two methods to account for antisymmetrisation: 
(a) Truncating the j = 5/2, K == 1/2 band under the assumption 
that the j = 5/2 subshell is filled first. 
(b) Lifting a band with K == O. 1 = 2 in L - S coupling up 
by a proper choice of the parameters. 
The final diagonalisation of the Hamiltonian H for these two 
possibilities was carried out on an IBM 1620 with various sets of the 
parameters (9.11). using Jacobi's method. As the actual computing 
time (excluding in- and out-put procedure) for the calculation of the 
eigenvectors and eigenvalues of the matrices for J = 1/2 ~ 9/2 
(maximal size: 6)( 6) with one set of parameters is approximately 
20 minutes. a systematic variation of the parameters in reasonably 
fine steps is unfeasible . So one set according to the preliminary 
estimates of section b .• of this chapter. was chosen and the variation 
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of the results for a change of one and tw o par am ete rs at a time w as 
investigated . For the sets, which showed an i mp r ovement in t h e fit 
of the energy spectrum t this procedu re wa s rep e ated several t i m e s 
with finer patterns of changes in the values of the parameters. Com-
parison of roughly calculated values of the quadrupole and magnetic 
moments of the groundstate with the experimental values, was used 
as an additional criterion for the improvement of the set of para-
meters. As the result of the investigation of approximately 150 
sets of parameters (case (a)= 60, case (b)= 90), i t was found that 
the sets (in units of MeV) 
D = 4 D' = 0.4 D' = 0.5 
o 2 
(9.16a) 
E -0.15 
and 
(b) Q22(2) = +9.82 Q20(2) = -7.66 Q22(4) = +15.84 
D = 3.3 DO = 1.2 D2 = 0.7 (9. 16b) 
E = -0.71 
(and 
C 2 = 0.27 C 4 = 0.21 C 6 = 0.18 in both cases) 
yield a fair fit for the 1/2+,3/2+,5/2+, and 7/2+ states of Ne 21 
below 6 MeV. 
The spin-core coupling strength is approximately 10% , 30% 
of the spin orbit coupling strength in cases (a), (b). The parameters 
D and E 20 show a greater deviation from the 0
17 
values in case (a) 
than in case (b). The values of Q22(2), Q20(2) (and Q22(4)) seem to 
favour the long range potential, though in both cases, we find a 
smaller ratio of I Q20(2) I Q22(2) I than the estimate of O. 9 obtained 
with harmonic oscillator wavefunctions. 
If we re-adjust our energy scale by putting Eground = 0, 
we can li st the following levels = 
I 
~ 
ments for the experimental levels above 6 MeV do not allow any 
definite interpretation in this region. The results for the states 
below 6 MeV are illustrated in Fig. 5 and compared with the experi-
mental values in Table XIII. 
The uncertainty in the determination of the 7. 60 MeV 6+ 
state of Ne 20 or the fact that we put all the deviation from the pure 
rotational structure into the parameter C instead of modifying the 
wavefunctions, could well account for the growing deviations from 
the measured levels in the case of the 7/2 and 9/2 states. 
(1 ) 
To examine the influence of these possibilities, we will 
investigate the change in the value of H for the 6+ stat e 
c 
required to improve the agreement with experiment , 
(2) write Qll' (n, LL') instead of the parameters Qll' (n) , 
which are independent of L and introduce the following 
modifications: 
Q(L,L') == Q for L,L' = 6 
1 Q (6 , L) == Q (L , 6) = (1 - 0' )"2 Q 
Q(6,6) (1 - 0' ) Q 
(9.18) 
EMeV 
6 
2 
o 
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5.83 7/2 5.68 7/2 
5.55 1/2 
5.34 3/2 
4.81 512 
4.37 7/2~.26 7/2 
3.85 5/2 
3.67 3/2--3.72 3/2 
2.83 512;;;;2.~ 9/2 
2.79 912 2.81 1/2 
2.77 112 2.79 512 
1.51 7/2 ___ 1.60 7/2 
0.37 ....-----1 5t2 -0.35 I-----~ 5/2 
o 10....-_---' 3/2-- 0 '------13/2 
b. a. 
FIGURE 5 
Calculated energy spectrum of Ne 21 for cases (a) and (b) . 
1'----
Calc. (a) Calc. (b) Meas. 
Comments 
E J Dev. E J Dev. E J 
0 3/2 0 3/2 0 3/2 
0.37 5/2 +6% 0.35 5/2 0.35 5/2 
1. 51 7/2 - 13% 1. 60 7/2 -8% 1. 74 7/2 
2.77 1/2 -1% 2.81 1/2 +2% 2.79 1/2 
2.83 5/2 -1% 2.79 5/2 -3% 2.81 (5/2) From transition in Na 21. 
2.79 9/2 2. 84 9/2 ? A 9/2 level at 2.71 reported for Na23 
I (see En 62, p. 5) co 
m 
3.67 3/2 3.72 3/2 +2% 3 . 66 (1/2,3/2) I 
... 3.85 5/2 +3% 3.73 ? 
-1% 3. 88 ? 
4.37 7/2 -1% 4.26 7/2 -4% 4.43 ? No 7/2 level reported in this region. 
-7%, 
-10% 4.68 ? 
4.81 5/2 +6% 4.53 (3/2,5/2) 
5.34 3/2 5.33 ? Could be 5.42 (3/2. 5/2 ). 
5.55 1/2 5.55 ? 1/2 level in Na 21 at 5.47 MeV, 5.33 or 5.55 
levels open to the assignment of 1/2 . 
5. 66 9/2 ? 
5.83 7/2 ? 5.68 7/2 ? 
TABLE XIII 
Comparison of theoretical and experimental energy levels of Ne 21 below 6 MeV 
L J 
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Both changes effect only states with J ~ 7/2 . The Hamiltonian is best 
calculated in representation (3. 1). 
The results are given in Tabl e XIV. In case (a), it was 
found that the second method does not improve the situation greatly, 
while for the first method a value of Hc = 9. 20 (corresponding to 
C 6 = 0.22) would give agreement for the lowest 7/2+ state ,with the 
lowest 9/2+ state occurring at 3. 16 MeV . In case (b) v alues of 
Hc = 8.90 (C 6 = 0.21) and Q = 0.18 respectively, are required with 
resulting energy values of 3.11 and 3.14 respectively, for the 
lowest 9/2+ state. 
It is interesting to note that in all the cases the 9/2+ state 
is expected at about 3. 15 MeV. Eithe r this level has not yet been 
detected, or it should be identified with one of the measured levels 
between 3.50 - 4.00 MeV. A 9/2+ level of Na 23 at 2.71 MeV (En 62) 
could possibly support the lower value. 
We have not accounted for some positive parity levels in the 
region 4 - 5 MeV. They could probably arise from the coupling of a 
f-p particle or a p hole to the negative parity states of Ne 20 , or from 
the coupling of an s -d particle to the higher positive parity bands or 
a more complicated configuration . 
The expansi on coefficients c J (j, K) of the final eigenfunctions 
(3.43) are given in Table XV for the 1/2, 3/2, 5/2 and 7/2 states 
below 3.70 MeV. Also noted are the expansion coefficients for the 
corrected 7/2 states . 
-*--------------------------------------------
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H =7.60 H =7.60 H =8. 90 H =7.60 H =9.20 
c c c c c 
J 
0'=0 0'=0.18 0'=0 0'=0 0'=0 
1. 60 1. 75 1. 73 1. 51 1. 73 
4.26 4.30 4.31 4.37 4. 54 
7 5.68 5.86 6.05 5.83 5.83 
-
2 6.95 6.99 7. 18 10 . 19 10 . 1 9 
13. 18 13. 14 13.23 14 . 89 14.89 
25.30 24. 26 25.76 
2.84 3.14 3. 11 2. 79 3. 16 
5.66 5.84 5 . 79 6. 02 6.89 
6.23 6.70 7.18 7 . 84 7.87 
9 
-
2 11. 87 11. 92 11. 91 14.28 14.42 
14.81 15.05 15. 12 17.50 18.93 
30. 07 28. 86 30. 97 
case (b) case (a) 
TABLE XIV 
Comparison of the calculated eigenvalues of the 7/2 and 9/2 states 
in the cases Hc ' = 7.60,0' = 0; Hc = 7.60,0' = 0.18; Hc t 7.60,0' = O. 
J 
1/2 
3/2 
5/2 
7/2 
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TABLE XV 
Expansion coefficients c J (j , K) of the final wavefunctions. 
(a) (b) 
j K c J (j, K) E MeV c
J (j,K) E MeV 
5/2 1/2 ........ 2. 77 0.7802 2.81 
3/2 1/2 O. 1993 0 . 4631 
1/2 1/2 O. 9800 0. 4205 
5/2 3/2 0.9945 0 O. 9947 0 
1/2 ........... O. 0478 
3/2 3/2 -0.0920 -0.0 84 9 
1/2 -0.0477 -0.0107 
1/2 1/2 -0.0165 0.0324 
5/2 3/2 0.0320 3 . 67 0.03 94 3.72 
1/2 ............ -0,7035 
3/2 3/2 0.0293 -0.0919 
1/2 0.2788 -0 . 4322 
1/2 1/2 O. 9594 -0 . 5553 
5/2 5/2 0.3962 0.37 0.3585 0.35 
3/2 O. 911 7 0.9171 
1/2 ........... O. 1406 
3/2 3/2 -0.0958 -0.0881 
1/2 -0.0491 0.0280 
1/2 1/2 -0.0147 O. 0462 
5/2 5/2 O. 9173 2.83 O. 9292 2. 79 
3/2 . -0 . 3974 -0.3508 
1/2 .......... -0.0923 
3/2 3/2 -0.0019 -0.0487 
1/2 0.0228 -0.03 98 
1/2 1/2 0.0143 -0.0330 
5/2 5/2 0.4122 1. 51 0 . 3843 1. 60 
'3/2 0.8980 0 .9 118 
i/2 
............ 0 
0.0459 () 
3/2 3/2 -0.1105 
1\ 
-0.1155 
\1 
1/2 -0 . 0946 ')5 -0.0534 <:$ 
1/2 1/2· -0.0279 0.0526 
5/2 5/2 0.4732 1. 73 0.4206 1. 73 
3/2 . 0 . 8679 O. 8921 
1/2 Cl 0 . 0942 () ............ <>J (J'> 
3/2 3/2 -0.1136 ~ -0 . 1131 cx:i 
1/2 -0 . 0955 II -0.0274 ~ ~u ~0 
1/2 1/2 -0 . 0295 O. 0702 
, 
, 
5/2 5/2 0 . 4178 1. 75 
3/2 0.8955 
1/2 0.0737 ~ 
3/2 3/2 -0.1118 c:i 
1/2 -0.0239 II 
1/2 1/2 0.0718 ~ 
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M d T ' t' . N 21 X oment s a ranSl lons in e 
As the intrins ic eigenfunctions of t he Ne 20 core show a depen -
dence on the quantum number L (devi ati on from purely rotational structure), 
we i ntroduce t he parameters 
Q ~ ,LL ') = Q(~ ,L 'L) = < intr (L ) IIZR lIintr (L'» 
c 
(1 0 . 1) 
instead of the parameter Q ( (I. ) given in equation (4 . 9b) under the 
assumpti on that all the Q ( ?\ , LL ') are equal. From the available 
data on the E2 transitions of Ne 20 (see Chapter VIla) , we obtain with 
equati on (4.11) 
Q(2,20) = (3. 99~~: ~~)X 10- 25 cm 2 
Q(2 , 42 ) = (2. 77~~: ~~ ) X 10- 25 cm 2 • 
(10.2 ) 
The s i gn of t he Q(2, LL ') i s not yet determined by experiment; to fit 
the experimental data , we take it positive, which corresponds in the 
language of the collective model to a prolate shape for Ne 20 (Nilsson 
model "l >0 ). The v alues (10.2 ) compare quite reasonably with the 
rou gh estimate of 7. 5 xl 0 - 2 5 cm 2 obt ained in Chapter I for the "intrinsic 
quadrupole moment" in t he case of a spherical core. 
F r om equation (5. h2 ) for the core part and equations (4.10) for 
t he parti c l e part, we obtain , with equati on (4.12) for the quadrupole 
moment of t he N e 21 groundst ate in cases (a) and (b) 
(3 / 2 3/2IQMI3/2 3/2) = e(0.0025 Q(2,20)+0.2421 Q(2,22) 
+ O. 1938 Q (2 , 42) - 0.0404 Q (2 , 44 ) + 0 . 0027 b 2) 
(10.3a ) 
<3/2 3 / 2rQMI3/2 3/2) = e(0.0029 Q(2,20) + 0.2515 Q(2,22) 
+ 0.1743 Q(2 , 42 ) - 0.0315 Q(2,44) + 0.0050 b 2) 
(10. 3b ) 
a nd wit h equation (4 . 8a) for the reduced E2 transition probability for 
the ground state to the first excited state transition 
1 
B (E2 ; 3/2 -7 5/2) = 14~ (1. 3250 Q(2,20) - 0.1028 Q(2,22) 
+ 1. 1713 Q(2 , 42 ) + 0.3560 Q(2 J 44) + 0.0560 b 2)2 
(10.4a) 
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B E2 ; 3i2 ~ 5/2) = 1: Ie (1. 447 1 Q(2 . 20 ) - 0 . 0245 Q 2 , 22 ) 
(10. 4b 
+ 1. 0625 Q(2 , 42 ) + 0.2836 Q(2 , 44 ) + 0 . 0369 b 2)2 . 
o evaluate the radial par t i cle mat rix elements . w e used harmonic 
osc illa-cor wavefu c tions with the size param ter b (compare Chapter 
XII , E:quati on (12 .6 )). 
if we assume that all t he Q(2 , LL I) are equal a nd employ a 
mean alue of 
Q 12) = (3 38 +1. 33) X 10- 25 cm 2 
, . - 0.76 ' (10 .5 ) 
we finci (neglecting the small particle CO r:'Trl mion ) a v alue of 
-( 3 / 2 3 / 2JQMI3 / 2 3/2) =: e(0. 134~g · g~~ ) X10-24cm2 (10.6) 
for the ground s t a t e quadrupole mome nt in b oth c ases. This value 
is s lightly higher t han the measured value of e(O. 093 ~ O. 01)X 10 - 24 
cm 2 . The experimental value for the reduced transition probability 
of 0.025 X 10- 48 cm4 falls well within the limits of the calculated 
value 
(10. 7) 
r _ principle . all the parameters Q (2, LL ' ) can be determined 
L~ In core d ata , while the parameters b 2 can be obtained from the 
C oulorr.b energy difference be ween mirror pairs. As not all the 
core data are available, we will fo r case (b ) , use in addition to 
equation s (10. 3b) and (10. 4b) , t he similar equations for the 5/2+ -'> 
1 i 2+ O. 19 MeV quadrupole transition and the quadrupole moment of 
he s ec ond excited 5 / 2+ state of F 19 (see the following section C ) to 
d ermine a set of parameters compatible with equation (10.2). 
A dopting t he experimental values 
B{E2 ; 5/2+ ~ 1i2+) :: 0.224'1. 10- 50 cm4 
<5 / 2+ 5 / 21 QM\ 5/2+ 5/2) = e 0.13 X 10- 24 cm 2 
(10.8) 
for the F 19 data (see section C , Chapter XIV), we find that the value 
o f O. 025X10 - 48 ern 4 for the Ne 21 groundstate - first excited state E2 
ransi ion do s not give a satisfactory set. -48 4 A v alue of 0.020 )(10 em , 
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how ver, gives 
b 2 -25 2 = 0.60)(10 cm 
Q 2 , 20 ) -25 2 = 3.89)(10 cm 
Q 2,22 ) = 2. 44)(10- 25 cm 2 (10.9) 
Q (2,42) = 2.40>< 10 - 25 cm 2 
Q(2,44) = -25 3.68x10 cm 2 
The values of Q(2, 20) and Q(2, 42) agree well with the experimental 
va lues given in equation (10.2), while the va lues of Q(2,22 ) and Q(2,44 ) 
a re of very mu h t he same magnitude . 
From these last two values , the quadrupole moments of 
< 2 21 QMI 2 2'> = -e 0.14 X 10- 24 cm 2 
<44IQMI44> = -eO.27x10- 24 cm 2 
can e predict ed for the 2+ and 4+ states of Ne 20 . 
The value of b 2 is larger by a factoL of 2 than the conventior..al 
shell model value for a harmonic oscillator potential (see Raz (Ra 60) , 
Carlson and Tal.mi (Ca 54 )), but it gives a rough agreement of the nadial 
matrix e lement 
2 -26 2 
<2sl rpl1d) = 18.97)(10 cm 
with the value 17.28)( 10- 26 cm 2 calculated by Barton et al. (Ba59 ) with 
a realistic potenti a l well for 0 17. 
In case (a ) , the extension of the calculations to F 19 did not 
prove feasible (see section C ), so the roughly adjusted set 
b 2 = 0 . 60 x 10- 25 cm 2 
Q (2,20) = 3 . 95 X 10- 25 cm 2 
Q (2,22 ) -25 2 {10.10 ) = 2.45)(10 cm 
Q 2 , 42 ) = 2. 50x 10- 25 cm 2 
Q (2,44 ) = -25 3.80'1..10 cm 2 
which gives agreement of equations (10. 3a) and (10. 4a) with the values 
e 0.093 X 10- 24 cm 2 for the quadrupole moment and 0.020 x 1048 cm 4 
for the E2 reduced transition probability, is suggested. 
The magnetic moment of the groundstate according to equation 
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"4. 19 i t:. the two cases is: 
<3 / 2 3 /21!-L13/2 3/2> =' 0.4(1.48 76gc +0 . 4947gs ) 
= O. 4 (1. 2 790 gc + O. 5 76 2 g s ) 
To 0 tain t he measured value 
gc = 0.16 in case (a) 
gc = 0.43 in case (b ) 
-0.662 t:.m . we r£ed a v alue of 
Bauer a nd Deutsch (Ba 62) ha.ve me asu red the gc v alues of the first 
exci ed states of Sm 152. Gd 154 • and Gd 156 . They fO'.lnd that the 
v alues are (0.35 "±- 0.03). (0. 367 "±" 0.03 ) and (0 . 32 ± 0 . 03 ), which 
corresponds to a deviation of 5 - 29% from the Z I A values. if we 
consider the maximal errors. Our values show a deviation of 68% 
a nd 14% respectively. from the Z I A value of O. 5 for Ne 2 O. While 
the second value is reasonable in comparison with the results in 
ref. Ba 62 ). the deviation of the first value is rather large. With 
a value gc = 0.40 , we have a magnetic moment of 
< 3 / 2 3 / 2 \ j.l I 3/2 3 / 2 > =' - O. 51 9 nm 
in case (a ). 
With the parameters (10.9). (10 10 ) and (1 0.12). we can now 
cal culate all the characteristics of the transitions from the 
(10.1 1a ) 
(10. 11b ) 
(10.12) 
0 . 35 MeV 5 / 2+, 1. 74 MeV 7/2+ , 2.79 MeV 1 / 2+ and 2.87 MeV (5/2+ ) 
sates. The result s of the cal cUlations are given in Table XVI. 
(For case (a ) the magnetic transitions are calculated with values of 
gc = 0.16 and gc = 0.40). 
In comparison with experimen we can say the following. 
Th par ia1 magnetic lifetime of the O. 35 5/2+ state is smaller by 
a factor of 2 - 3 than the experimental value, although the calcu lated 
va lues fall still within the experimental errors. The M1 - E2 mixing 
ratio of Deuchars and Dandy (De 61) seems too low. The theoretical 
values are c lose to the lower limit of the value obtained from the 
experimental partial lifetimes. 
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6E
MeV 
(a ) (b) 
J J' 
=0. 16 =0.40 Experiment gc gc 
3/2 3/2 . ... QM 0.0936 o. 093 0 .093 "t 0.010 10- 24 cm 2 
iJ - O. 662 -0. 51 9 -0 662 -0.662 nm 
5/2 3/2 · 0.35 T(E2) 0.84 0.85 10 9 sec 1 
'E2 1. 19 1. 18 0 92 "t ? 10 -
9 sec 
T(M1) O. 334 0.412 o. 520 lOll sec-1 
' M 1 2. 99 2.43 1. 92 
6 70 + 7.60 
. -5 . 80 10-
11 sec 
r 2. 92 2.38 1. 89 6 .20 :-6.20 10- 11 sec 
6" O. 16 O. 14 O. 13 0.03 
7/2 3/2 1. 74 T( E2) O. 51 O. 50 O. 3 +0. 5 10 12 sec- 1 
-0.2 
5/2 1. 39 T(E2) o. 70 o. 71 10 12 sec- 1 
T(M1) 6.48 9.2 1 5.52 10 12 sec- 1 
T 7. 18 9 . 9 1 6. 23 
+8 . 3 
10 12 sec- 1 5. 4 
- 3 . 1 
d 0.33 o. 28 O. 36 O. 11 -l:" 4 
Brancr 93. 4 : 6 .6 95. 1 : 4. 9 92. 6 : 7.4 94 : 6 
1/2 3/2 2 . 79 T(E 2 ) O. 40 0.6 1 1011 sec- 1 
T(M1) J 3.23 13.05 741. 8 10 12 sec- 1 
T 13.2 7 13 . 09 741. 9 3 
+3 10 12 sec- 1 
-2 
5/2 2.44 T(E2) 0.04 2. 17 2 +2 10 12 - 1 
- 1 sec 
Branch 99. 7 : O. 3 99. 96 : 0 04 60 : 40 
5/2 3/2 2.87 T(E 2) 2.39 1. 49 1012 sec- 1 
T(Ml) 155.4 256.4 265. 6 J0 12 sec- 1 
5/2 2.52 T(E 2) 6.29 5. 96 10 12 s ec- 1 
T(Ml) ~3. 8 88 . 9 50.7 12 - 1 10 sec 
T 60. 1 95 . 2 56. 7 +:W 7 _ 3 10 12 sec 1 
7/ 2 1.1 3 T(E2) 0 0 1 O. 01 10 J2 sec- 1 
T(M l) 1. 74 2. ns 6. 67 10 12 sec- 1 
T 1. 75 2. gf) 6. 68 3 +7 
- 1 10
12 
sec- 1 
TAI3LE :\V l 
T ransitions and Moments of Ke 21 
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For the decay of the 7/2+ state the "cor rected" eigen-
functions are used here; the difference i n t he r esuJt s for the 
uncorrected eigenfunctions is small; Q(2 , 64) was taken as 
2.00)(10- 25 cm 2 ) the agreement with the branching ratio of Pelte 
et al. (Pe 63/64 ) and the lifetime of Evans et al. (Ev 64 ) is very 
satisfactory. The Ml - E2 amplitude mixing ratio is higher than 
the value of Peite et al. (0. 11 ~ 0.04 ). It is not clear however, in 
which way this experimental result would be i lue ~ced by a higher 
v alue of J ( 5 /2+~ 3 /2+) (compare Chapt e r VII ) . 
The experimental E2 transition proba ility of the 1/2+ 
state at 2. 79 MeV t o the first excited 5/2+ state is reproduced 
for case (b ), while the result for the M1 transi i on to the 3 /2+ 
groundstate is very uns ati sfactory in this case. In case (a) the 
magr etic transition shows closer agreement with experiment, 
while the E2 transition probability is too small by a factor of 50. 
The results for the decay of the 2. 87 MeV state do not 
show t he experimental pattern. On the basis of the E2 transition 
alone , a (possibly weak) branch t o the groundstate should be ob-
s erved . The experimental situation would allow the assignment 
of a spin of 9/2+ fo r this state, although at p rese _t, the evidence 
from Na 21 seems to exclude this interpretation. 
Generally we find that, as far as can be verified, the 
quadrupole fe atures of the transitions are satisfactorily described 
in both cases with the exception of the 1/2+ ~ 5/2+ 2.44 MeV 
transition in case (a). The magnetic transitions do not give such 
a good agreement. (No model so far has been able to give satis -
factory overall results for these transitions). The form of the 
magnetic transition operator (4.2) in terms of static moments 
has been disputed. The question of mesonic exchange moments 
has been raised, but has not been investigated in great detail in 
actual applications. For these contributions, the present results 
-96-
would lend support to a mesonic exchange model w1th the following 
features ' 
The calculated values are still qune satisfactory as long 
as the transitions take place between states which have a similar 
structure in terms of the intermediate "strong cou phng " wave-
functions 1 J , jK>. The change in K can be 1nterprete d as the 
change of the partic le motion from one plane to a neighbou lng one. 
So a mesonic exchange current model , WhICh gl ves maxi mal con-
tributions for a transition of this type , coul d possibly improve the 
overall fit of the magnetic data . A further possIble approach for 
improvement could be to attack the problem again with "quenched II 
gyromagnetic factors for the particle . 
If we assume that the wavefunctions for the Na 21 ground-
state can be approximated by taking the Ne 21 groundstate wave-
function for a proton, we can give an estimate for the ft-values 
and transition probabilities of the f3-decay between these two nuclei. 
The reduced transition probabilities for Fer mi and Gamow-Teller 
1l1teractions for allowed f3 tranSItIons are 
L. 1< 1lTJ f>1 2 
where s is the particle spin operator and T_ 1S the component 
1/2(T 1 - iT 2 ) of the total isotopic spin . If we take the usual choice 
of the coupling constants as 
g(l - x) and g(x) 
for Fermi and Gamow-Teller transitions , respectively, the com-
parative half lives may be written in the form 
Best values according to Koenford-Hans en and Winther (Ko 56) ar e 
Bg = (2 . 783"±" O. 07)x103 
x = O. 5 60 ~ O. 012 
(10.13) 
(10 .14) 
(10 . 15 ) 
(10.16) 
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The matrix elements of DGT(O) can easily be obtall,ed from the 
formulae for the magnenc transitions (eQU8.TlOl (4.14)) by settmg 
gc :: gl :: 0 and gs :: 1. The re su lts are 
3/2 ~ 3/2 
DF :: 1. DGT :: 0 . 2610 (case (a) ) 
DF :: 1. DGT :. O. 3541 (case (b) 
3/2 ~ 5/2 
DF 0 DGT :: O. 0435 (case (a r 
DF :: 0 DGT :: O. 0477 (case (b)) 
With these values and equations (10 . 15 ), (10 16) \ we flnd that the 
relative probabilities of these transitions are 
case (a) 
(96 . 0 ± O. 1)0/0 for 3/2 ~ 3/2 with a lo g ft value of 3.67 +- 0 . 02 
(4.0 +- 0 . 1)% for 3/2 -> 5/2 with a log ft value of 5.06 -± 0 . 02 
case (b) 
(96 .0 ! 0 . 1)% for 3/2 -> 3/2 with a log ft value of 3 . 64 -+ 0 . 02 
(1 0 .17) 
(10 .18) 
(4 . 0 -+ O. 1)% for 3/2 ~ 5/2 with a log ft v alue of 5.02 ! 0 . 02 . 
The formerly accepted values (Bo 53) of 
Bg = 2. 6 X 1 0 3 x :: O. 5 
gi ve in case (a) 
96. 7% with log ft :: 3 . 61 3.30/0 with log ft :: 5 . 08 
and in case (b) 
96 . 6% with log ft :: 3 . 58 ; 3.40/( with log ft :: 5.04 . 
(10 .19) 
The values given in equations(10 . 18) and (10.19) compare favourably 
with the measured values given in Chapter VII . 
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XI Discussion B 
a . General 
Basically the 'TIodel contains t wo a p proximations : 
(1) It is assumed that the addition of an extra pa rticle d oes not 
disturb the 20 e c ore crucially . 
(2) The antisymmet n sation between core and ou t s i de parti cl e 
is not properly t a ken into account 
In the case of Ne 21 , we have a thad app r oximati on: 
(3) As the Ne 20 core shows a deviation from th e r o t a ti o nal patte r n , 
the strong coupli ng wavefunctions jJ M , J K > a re n ot exact 
eigenfunctions of the operator H( 1) = Hp + H 2 + (H4 ). 
The val idity of the first two approxi mati on s c an only be 
supported by the res1l lts . The effect of the last approximation is to 
give too low 7/2 and 9 /2 states and to imply the use of differing 
intrinsic quadrupole moments for the different core states . 
b. Comparison of the two methods of calculation 
The SU 3 cla s sification scheme for N e 21 implies a thorough 
mixture of five parti; l e states with 1 = 0 , 2 while the present model 
treats the fifth partie le in te rm s of an extreme single particle picture. 
Therefore neither of rhe two methods of calculation represents the 
situation obtained in 1 he SU 3 scheme and we use it only as a rough 
gui de . While the fi r s t case (a) follows the single particle picture in 
assuming that first the j = 5/2 shell is filled independently , the second 
method (b) tries to simulate the SU 3 situation more closely at the cost 
of taking into consideration an additional term of the Hamiltonian in 
the form of a 24 - 24 pole interaction , As we do not know the exact 
form of the intrinsic core function nor , in the case of the long range 
force the parameters f2' f4 and fJ. I , the estimates given in Chapter 
IX b are not too helpfuL 
If we compare the eigenfunctions , we find a very close 
resemblance for the first three states of Ne 21 in cases (a) and (b) . 
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The fou r th s t at e (1/ 2+ a t 2 . 79 MeV ) s h ows a different c omposition in 
the t wo cas e s 
(a ) 40/( j = 3/2 , 960/( j = 1 /2 
(b) 61 0/c j = 5/2 J 21 o/c j = 3/2 J 180/( j = 1 / 2 
(K 1 / 2) 
(K = 1 /2 ) 
The comparison of th e calculated E2 t ransition probabil i t y from 
th i s s t ate t o t he fi rst e xcited 5/ 2+ state with experi m ent J would 
indi c ate that the wavefunction (b) is more accurate J but thi s a rgument 
is weaken ed by the d r astic disagreem ent of the M l t ransiti on p roba-
bility to the groundst ate in t his case . The fo ll owing 5/2+ s t a t e a t 
2.87 MeV again show s li t tle differenc e b e t w e en the two cases. 
If we assume the H2 (and H4 ) part of t he Ham i ltoni an to 
stem from a long range force of the t y p e (2 . 14 ) we h a ve t o us e a 
negativ e va lue of f 2 i n case (a) and a positiv e one in case (b) . The 
first choice cor responds to the usual sign of the interaction 
Hamiltonian Hn in c ·::> llective model calculations J where H4 = 0 is 
implicitly assumed . In both cases of the present model, however J 
the overall choice 0: the interaction paramete r s is such as to gi v e 
the j = 5/2 K = 3 / 2 i n t he lowest position with the j ::: 1/2 K = 1/2 
and the j = 5/2 K = 5/2 b ands fo llowing . 
c . Comparis o 1 with the collective model 
The collective model interpretation of the experimental 
v alue of the Ne 21 gr:mnds t ate quadrupole moment would requi r e a 
v alue of t he deformat ion parameter 
G = 0.575 
corresponding t o 
1. ~ 6 . 67 ( k = 0.10 ), rt ~ 4.45 ( ~ = 0.15). 
The Nilsson model calculations by Bhatt indicate that v alues of 
YL ~ 3 . 5 and ~ ~ 0 . 10 would be required to give a reasonabl e 
interpret ation of the en e r gy spectrum. It seems therefore that the 
interaction is n ot corr ect ly dete r mined by the "shape" of the nucl eus. 
Our appr oach has the advantage that the pa r amete r s of the 
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quadrupole moment car: be t ake _ fr o m the exp L:lle_.t al data of t he 
core, while t h e interac i on par ameters a re chosen independently t o 
account for the requi r ements of t he fi tting of the energy spectrum. 
As _he interaction parameters dete r m ine the admixtures of t he 
different i nterm edia te st ates \ J, j K) in the fi nal wavefunctions and 
so influence t he magnitude of the moment s and tra nsitions, we are 
n ot completely free ir .. t h e selection of these parameters. 
The choice of our parameters f9_ 16 ) it: c as e (a ), where a 
direct comparison IS possible, correspoLds to The Ni lsson model 
parameters 
Y1, = 1.67, 1-<= 0.135, fJ = 0 (w i hf2<0 ) 
if we assume-h. Co.:I
o 
= 41 A -1/3 MeV = 14 . 86 MeV. We find t hat 
he spi n- orbit split i ng D is larger t han the values of 1. 5 .. D ~ 3.0 
obta ined from t he uS .lal choice of 0.05 -!S:: k ~ O. 10. As 11 CoO 0 
de c re as es wi th inc rE asing A, one would expect an increasing value 
of ~ with the filling I)f the shell rather than a constant value. If 
Kurath' s res'Jlts (Kl 56) for the variation of the par ameter D in the 
p shell a pply to t he : -d shell, one would even expect a r apid variation 
of ~. in some part of t.he shell. The deformation parameter ~ is 
smalle r tha n t he val !es u sed by Bhat t (Bh 62 ) ( ~ <:!1 3, 4 ) and Rakavy 
(Ra 57) ( ~ = 0.48 c(,rr esponding to ~( ck = 0.05) :: 7, yt( ~ = 0.10) 
21 
= 3.5 ) for Ne . 
In case (b) the spin orbit parameter k would be O. 111, 
while t h e interaction has to be described by two parameters, ~ 2 
and 11. 4 ' say. 
It was pointe d out i n Chapter III that a decoupling parameter 
"a" can be introduced for the undisturbed K = 1/2 bands (see 
equations (3.32 ) - (3.34)). As t he values C are not constant for 
differing core s tates I L ML 0') we can only give an average (the 
deviat ion is roughly ± 0 . 2 fo r the different s t a t es I J, j 1/2»): 
Lowe s t J 
Case (a) 
3/2 3 , 2 
1/2 1 / 2 
Case b ) 
5/2 1/ 2 
3 / 2 
1/2 3/2 
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a 
- 2.39 
0.015 
2.11 
- 2.54 
-1. 53 
Comparat lVe NilssOL 
model limits for a 
-6 ~ a ~ -1 
-1 <; a <. 4 
-1 < a < 4 
-6 < a < - 1 
- 6 < a < -1 
The corrparative values are taken from T a Ie III of Ni lsson ' s paper 
(Ni 55 ). We n ote t hat t he paramet ers of our model are well within 
the ranges given by Nils son. The lowest bana in our calculat ion 
would correspond to t he Nilsson model b a nd No.7, which for '1. == 4 
comprises 
93.40/( of 1 = 2, K == 3 / 2, L.:: < s > == 
z 
1/2 
6. 6% of 1 = 2, K :: 3 / 2, ~ = -1 / 2. 
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XII Appendix B: Detail s of Calculation 
(As in AppendIx A (Chapter V ) , we will r efe r to the material 
from reference (Ro 60 ) as R(aa, bbb)). 
a. Calculation of the transformation coefficients between 
representations (9.8) and (3.6) 
The partIcle part J 1 m l> 11 / 2 m s> of the wavefunction (9.8) 
can be recoupled to give (R(3 . 8)) 
I J M , (I, 1 , Kl ) 1/2 > :: L C L a~ 1 (L ) I L ML 0' I j m j ') 
L ~ M t-1 rn,- 1 
L I ( (12a. 1) 
x.( L (I 1/2 J , M1 m M) (L 1 I ; ML m l M1) (1/2 1 j ; m m m .)}. M s s 1 J e. 
Using R(3. 16a ) and R(6. 5b) the sum ove r m l in thi s equation can be 
reduced: 
IJ M , (1 , 1 , K ) 1/2> = ) : a1K, 1 (L) [(21 + 1) (2j + 1B t 
1 L . 1 
'! (12a.2) 
x ( -) 1 +I - L W (1 j ~ J ; 1 / 2 L) {> : (L j J ; Mm . M) I J m . > I L M 0' J 
I.t Wo, L J J L 
The sum over ML , In j represents the vector coupled wavefunction of 
the core and a j - j particle (compare equation (3.1)), which, with (3.6) 
and (5b. 7) can be ex )ressed as 
\JM LJ' > = >' aJ , j(L) IJM ' K' 
, . --l K , J I . 
t > 0 
(12a.3) 
As there is no s y mrr etry of the sums over the squares of Clebsch -
Gor dan coeffi cients for negative and positive K in the case of integral 
K (compare equations (5c. 6), (5c. 7)) , equation (5d. 1) has to be 
modified to 
t L. (1 + 60'0) [(2e + 1) (2f + 1)J t W(a bed; e f) (b d f ; {3 J" (3+ J ) 
L -
(a f c ; Q {3 +d g + (3 + d) = (a be ; ~ (3 ~ + (3 ) (e de; ~ + B J ~ + (3 + l ) , 
(12a.4) 
where .e:: represents an integral quantum number and {3, d are half 
integers . 
Using equation (12a . 4), we can obtain from equations (12a. 2), 
(12a . 3) and the expressions(9 . 3), (9.7) for the expansion coefficients 
-103-
a~' j (L) , a~ 1 (L) the t ransformation coeffic i ents given in equation 
1 
(9. lOa). 
If we start wi th equation (3 .6) for I J M, j K> and follow a 
similar procedure, w e obtain the inverse transformation given in 
equation (9. lOb). 
and 
b. Discussion of the 2n - 2n pole interaction parameters 
in the 2s - 1d shell 
The ratios 
Q20(2) <21\ 0'2 (rp)/I 0;;-
= 
Q22(2) < 211 0'2 (rp)//2 > 
Q22(4) = < 21 0'4 (rp )ll2><intrll a 4 (Rc)/lintr> 
Q22(2) < 2, 0'2 (r p) /I 2>< intda2 (R c) II intr > 
are investigated for the following interactions: 
1. A Yukawa t y pe interaction 
V(r R) = V p' c 0 
exp( -iJ I R - r , 
-c -p 
as an example of a short range force with the limiting case 
of a J -functi on interaction for iJ ---. OCI • 
2. The conventio'1al 2n - 2n pole interaction with 
a (R ) f ( .. , )n ( .. ' R )n 
n c' rp = n IJ..f. rp IJ..f. c . 
3. A cut off 2n - 2n pole interaction of the type 
, ( _ ,2 2 2 
an R c ' rp) - exp (-iJ (rp + Rc)) an (Rc ' rp) 
For the evaluation of the particle matrix elements in 
equations (12b. 1), (12b. 2), we use harmonic oscillator wave-
functions with the radial parts 
I 2'> = 1 4' 2 r ] 1 .iC q2 exp(-q /2) 
\ 0> = 
8 '2 1 4' 2 I -1 [ 1 '3J nJ (3/2 - q2) exp(-q /2) , 
where q = r p/b (b: "shape parameter "). For the core, we will use 
(12b. 1) 
(12b. 2) 
(12b. 3) 
(12b. 4) 
(12b.5) 
(12b. 6 ) 
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the harmonic oscillator density distribution (9. 14). Summation up 
to n = 1 (1s , 1 p shells fi lled) gives 
and summation up to n = 2 ( 1 s, 1 p, 2s , 1d shells filled) 
I intr(2) 
(Q = R /b) . 
c 
1. To obtain a suitable expansion of the Yukawa potential, we 
represent exp( -fJ.? )/fJ.S' by its Fou rier transform in momentum 
space (Er 54, p . 85) 
2 
exp( -fJ. r ) / (fJ. p) =-::=--
... H .. I). 
c-o 
J dk . 
Cl 
The expression (sin k 9 )/(kg) can be expanded (Wa 58, p . 366) 
sin kp 
kp 
Here jn(Z) = liL 1 t J 1 (Z) is the half integer Bessel function 2Z n+2' 
in Sommerfeld' s notation. By exchanging the integration over 
ordinary and m cmentum space, we obtain the radial matri x 
elements 
= J!)(} k2 11' ') 2 f (k) F . (k) dk (k " + fJ. ) n m 
o 
with 
F . (k) := <intr(i) I j (kR )" intr(i) > . 
nl n c 
The radial integration of the expressions (12b. 12) with the 
(12b.7) 
(12b.8) 
(12b .9) 
(12b .10) 
(1 2b. 11) 
(12b.1 2) 
wavefunctions (12b. 6) and (12b. 7), (12b. 8) can readily be executed. 
One obtains (Gr 50, p. 198): 
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22 7 2 t 2 
f2 = 30 t F(5/ 2; 7/2; -4) (t = bk) 
(12b . 13a) 
The second relation follows from t he recu r sion relati ons for the 
confluent hyperge ometric functions as given, e. g . , by Magnus 
and Oberhettinge r (Ma 48, p.112) 
• 1 
20 1 [ 1 ] "2 2 2 4 f 2 = -"3 TO exp( -t /4) (2 t - O. 25 t ) (12b.13b) 
(12b . 13c) 
For the core wavefunctions (12b. 7) the results a r e 
2 t 2 2 2 4 F21 = 0 . 5 t F(5/2 ; 7/2 ; -4) + exp(-t /4) (3.5 t - 0.25 t) (12b.13d) 
F41 = _5_ t 4 F(7/2 . 11/2 ; -~) + 0.25 t 4 exp(-t 2 /4) . 
252 ' 4 
The functions 
flll (k) F . (k) 
n nl (12b.14) 
give a measure of the transferred momentum between core and 
partic Ie and so a s ..e. oc k, an indication of the angular momentum 
transfer . It call be shown by differentiation that the maximal 
momentum trans fer occurs for 
k(4) ~2 k(2) 
in the cases n = 4 and n = 2. 
To evaluate the integrals (12b . 11) over k , we make the 
following substitutions 
x = O. 5 t 2 , (2x)t dt = dx 
and obtain 
1 
r (22) = _1_ r~l"2(rl (22) + r2 (22)) 
2 15b 2_ 2 2 
(12b.15) 
with 
'Nlth 
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O<l 
II (22) =: 
2 
S ' 2 \ ("7x 5 I 2 _ x 7 I '2) r ( 5, 2 exp\-xl ) 7/2, -x/2j 
o 
e>O 
I~ (22) =: } exp( Xj {49 x 5 / 2 
u 
dx 
x + m 
=: Il-1]t 
- 3b To (I~ (20) + l~ (2CJ)) 
tX:> 
11 (20) 
2 
( 5/2 7/2 J exp(-x/2 (4 x - x ) F(tJ/2, 7/2, -x,2 , 
00 
l~ (20 ) =: f exp( -X) (28 x 51 2 _ 11 x 7 I 2 8r 2 dx x ) 
X -r IT. 
14 (22) = 1 15t 
00 f exp( x/2) x 9 / 2 F(7/2 
0() 
r2 \22) =: J e' p(-X) x 9 / 2 dx 
4 It x+m 
11/2 , -x/2) dx 
x + rn 
dx 
x + m 
dx 
x . In 
x The vanous Integra s r2 (111) are the Laplace transfor IT.S of 
n X of m 
Er 54 , p.217) 
0() J exp( x) x v dx 11 \) -4 =: I ( \) + 1) m exp(m) I (- v IT.) . (12b, 16) 
X r- rr. 
As the lDcoIT,plele Er 54 , p. 387) IS 
..-1/ . l' ' / ~a ,x) =: ~a - 'Y,a,x) (12t.. 17a) 
WJ.th 
'Y(a x) =: .l x a F(a a t- I ; x) 
a ' 
{l2b. 1 7b) 
we car apply lhe reeD rSlOr formula (81 60, p. 19) 
F{a- 1,b·x) = F(a ,b,x) -E-F(a ,b+ l ; x) (121:. 18) 
to the conLuem hypergeolfletnc fur:ctioE m equanon (12b. 17b) and 
reduce the right hand side of equation (12b. 16) to a polynomIal II' 
1 
m arid 1 he error fonCtion Erfc (rr 2' ) , where (see (Er 54 , p . 387)) 
1 1 
Erfc(rr 2') =: 1 - Erf(m 2' ) 
o r~J •• lexp( _y2) dy 1 (12t;.19) 1 Erf(m2' ) 
""'-
If we i.ntroduce lhe parameters 
and 
a 
m=:2 
2 [~ r F(I/2 , 3/2 , -m) 
(12b .20a) 
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1 1 
Z = (ila)2 exp(ar 2) Erfc((x/2)2) (12t 20t) 
we can write the final results In the form 
1 
2 1 - J2 2 3 4 12 (22) ", 16 L1l ((273 - 127a -+- 171 a T 27a + a ) 
234 
-Z(196a +28a +a)) 
(12 .2 1 ) 
1 
I~ (20) 1 2 2 3 4 16 L~J ((111 - 61a + 93a T 21a + a ) 
_ Z(112a 2 + 22a 3 + a 4 )) 
I: (22) 1 1 _ ] 2 (( 16 1 TL 105 234 4 15a + 3a - a T a ) - Z (a )) 
The expressions for I; (22) and I! (22) are p r oportIonal to the re evar. 
two particle matrix elements in the s-d shell calculated by 8wlateckl 
(8w 51) for a Yukawa well with a different method. 
To evaluate the integrals I~ (11') , we reduce the confluePl 
hypergeometric function under the integral by succeSSl ve appllcatlOr 
of the recursion formula (see (81 60 , P 19)) 
2b 
F (a ; b + 1 ; x /2 \ :: - (F (a ; b ; x /2) - F (a - 1 , b , xi 2) ) 
X 
(12l 22 ) 
1 
to a polynomial in (1 x) and the error function Erf((x/2)2) hmes 
exp(-x/2). To apply this procedure to the integral Ii (22) , we r ote 
that (81 60 . p. 19) 
F(7/2 ; 11/2 ; -x/2) :: - ~((7-x) F(7f2 ; 9/2 ; -x/2) - 7 exp(-xr2)) . 
2x 
(12b.23) 
We then obtain 
ol) 
dx 1 f 1 3 1 2 5/2 I (22) = -5 exp(-x) (21 x2-t- 4 x r - x ) 
2 0 x + m 
-+ 15 Al (m ) 
(12b. 24 ) 
00 I; (20) J 1 3/2 5/2 -5 exp(-x) (12 x2+ x - x ) 
o 
dx 
x + m 
~ 
2 63 J l 3/2 5/2 14 (2 2 ) = 2" ( ex p ( - x) (1 05 x 2+ 20 x + 2 x ) dx - 15 A 1 (m )) • x + m 
o 
where the integrals 
o<:l 
1 f exp(-x/2) (7 - x) Erf((x/2)t) dx A1 (m) (~/2)2 
x + m 
0 (1 2 .25) 
oC) 
1 f exp(-x/2) (4 - x) Erf((x/2)t) dx A 2(m) ;; (Ii: /2)2 
0 x + m 
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are t o be caiculated nurr,eri.cally. WIth Th same procedure as for the 
integrals r2 (11' ) we obtaIn (usIng the sarr,€ parameters) 
r: 
r~ (22) " - 1 1. 16 [;:;:J2 ((1780 - 140a - 20 a 2) - 2(1680 - 160a - 20a2) 
I~ (20) 
1 
-1 2" 
-240[::=1 A 1(a/2 L I .... _ 
1 t 2 2 
- LTC) ((940 - 20a - 20a ) - 7( 96 0 - 40a - 20a ) 
16 1 
[ 
112" . 
-240 ~J A 2(a/2) ) 
! 
(12b. 26) 
I~ (22) : :~ LTC] '2 ((4660 - 4203. + 203. 2 ) - 2(4200 - 400a + 20a2 ; 
1 
- 600 [~]"2 A1 (:1/2) 
In the limiting case m(a) ~ 0 , the llltegrab 12 (11 ) reduce to 
n 
elementary Integrals and can be readily executed I t he IC1.egrals 
11 (11 ' ) reduce to Laplace transforms of the hypergeometric function. 
D 
In t he case m ~ 00 we write 
1 1 x 
= - (1 - - . .... ) 
x + m m m 
and by considering only the first term of this expansion , we can 
proceed as in t he ca3e m :: O. 
For t h e cor € func ions (12b. 8 ) we write the a n alogous 
equa+i oLs 0 {12b. 15 I as 
J 2 (22) " 1 [11 t 2 1 2 (- J2 (22) + 2 J2 (22») 15b 2 _ 5 
J 2 (20) 1[' 1Jt 21 2 ::: - 3b 20 (5 J2 (20) + 2 J2 (20) (121::.27) 
1 I1]t 2 1 2 1 J 4 (22 ) ::: 15b 2" (6'3J4 (22)+9J4 (22)) 
We find : the integrals J~ (11') are identical with the I~ (11') as given 
in equati o (12b. 26), whIle the J~ (ll') take the values 
1 
J ~ (22) : i I~)"2 ( ( 2 7 2 3 Z(14a +a) ) 
J~ (20) (12b . 28a) 
1 J~ (22) =-~ [it] "2 ((1037 _. 157a + 15a2 - a 3) - 2(840 - 140a + 14a2 _ a 3 ) 
- 840 A3 (a/2» , 
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with 
00 
r 1] t r 1 A3 (a/2 ) ::: ."2 exp(-x/2) E rf((x r 2)2) dx (12b . 28b) 
o 
The depende nce of the ratios (Q20(2)/Q22(2)) a nd (Q22(4)/Q22(2)) 
on the parameter a fo the Yukawa interaction with the w a ve functi ons 
12b. 7) a nd (12b. 8) is given in Fig . 6 . It is found that (Q22(4)/Q22(2)) 
does not show any mar ked difference for the two core wa vefunctions 
and that the- variation with a is very s low . starting with a value of 
approxi maJ-ely 0 . 3 7 for a = 0 a nd reaching a value of 1. 00 for a -'> 00 . 
The ratio I Q20 (2)/ Q 22(2 ) I is smaller for the core functIon I imr(2) "> 
than for the core fu nction I intr(1)) , the d:t.fferel:.ce being 0.10 for 
a ::: 0 adO . 20 for a ~ 00 . The variation with a is agai very s ow , 
but is slightly faster for the wavefunc ti on I intr(2) than for the wave-
function I int r(1 ) . A negative value for (Q20(2)/Q22(2)) is found , 
while Q22(4) and Q2 2(2) have the same s i gn . 
2 . In the case of the l ong ra ge force (12b. 4 ) the b asic integrals 
involved are of the for m 
...0 J exp(-x 2) XV dx: :: ~ 1( ";2+ 1 ) . 
.. 
With these element a 'Y integra s. we obt a in readily 
and 
2 _ .t 
::: _ - I 101 2 
7 - -
for the co r e functions (12b. 7) and (12b. 8 ). respectively . 
(12b.29 ) 
(12b. 30 ) 
12b . 31a) 
(12b. 31b) 
Equation (12b . 30 ) is determined by the ratio of the single 
particle matrix e l ements and is independent of a' , while equations 
(12b . 31 ) show a paraboli c dependenc e on this parameter . 
-110-
u Cl 
<tID U Cl 
FIGURE 6 
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The relative 2n - 2n pole interaction parameters for a Yukawa interaction. 
A. (Q22(4)/Q22(2)) for the core function I intr (1» 
B. (Q22(4)/Q22(2)) for the core function lintr(2) 
c. -(Q20(2)/Q22(2)) for the core function I intr (1) 
D. -(Q20(2)/Q22(2)) for the core function \ intr (2)'> 
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3. I n the case of the cut off long range force we h a ve a b as ic 
integral 
which yields for the rat ios (12b. 1) and (12b . 2 ) 
1 
~ ~ [ %] 2 (3a I _ 4) , 
45 f4 a l 2 (8 + a l ) ~ 4 f2 (l+a l ) (6+a l ) 
for the core function I intr( 1) and 
a l 2 
1 + a I) 
for the core function 'I intr(2)') 
(13.6+ 2a l + (a l )2 ) 
( 8 + 2a l + (a l )2 ) 
The depend e nce of equations (12b . 33) and (12b . 34) on the 
(12b.32) 
(12b . 33) 
(12b.34a) 
(12b.34b) 
parameter a l is illu st rated in Fig. 7. (Q20(2)/Q22(2)) shows a linear 
increase with a l fro m negative values for a l ,;:: 1 to positive values. 
3 
For both the core fu nctions we find a steep increase of the quantity 
(Q22(4)/Q22(2)) up tc a l ~ 3 and then an asymptotic approach to the 
value 11. 25 for a l -~O£). A cross over of the ratios (12b . 34) occurs 
for a l ~ 3.39. In the lower region (0 *= a l ~ 3.39) the values derived 
from the core function \ intr(2) are slightly larger. 
If we attempt to compare the empirical values 
Q20(2) 
-0 . 64 
Q22(2) 
(12b . 35a) 
(Case (a)) 
Q 2 2 (4 ) 0 (12b . 35b) 
Q 22 (2) 
and 
(12b . 3 6a) 
(Case (b)) 
1. 61 (1 2b. 3 6b) 
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FIGURE 7 
The relative 2n _. 2n pole interaction parameters for the 
"cut off long range force 11 
A . (Q20(2) / Q22(2)) 
B . (Q22(4)/Q22(2)) for the core function (12b. 7) 
C . (Q22(4)/Q22(2)) for the core function (12b. 8) 
(Curves Band C are presented for the case f4/f2 :: 1) 
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(see equation (9.16)), which have been employed in the calculations 
of the Ne 21 energy spectrum, with the results obtained from the esti-
mates presented above, we can say the following: The harmonic 
oscillator density distributions for the intrinsic core functions rep-
resent only closed shells and so can only be a very rough approximation 
of the actual situation for Ne 20 with closed 1s, 1p shells and four out-
side particles. Even though the estimates for the lower and higher 
closed shells are very similar, a considerable deviation could be 
expected for a more accurate density distribution of Ne 20 . 
The Yukawa interaction does not offer a reliable comparison, 
as a separation of the radial part of the Rayleigh expansion into 
Q' (R , r ) = Q' (R ) Q' (r ) 
n c p n c np 
is not possible (compare Swiatecki (Sw 51)). So both the ratios (12b.1) 
and (12b. 2) will depend on the choice of the core functions. If, never-
theless, we draw the comparison, we find that the empirical values 
(12b. 35a) and (12b. 36a) are slightly higher than the maxi mal calculated 
values obtained for a = 0 (corresponding to an "infinite range "), while 
the value of (Q22(4)/Q22(2)) in case (b) is larger than the calculated 
value for the opposite limiting case of a delta function interaction. A 
value of zero for this quantity (as required in case (a)) is not obtained. 
The ratio (Q20(2)/Q22(2)) is independent of the core parts for 
the long range forces (12b. 4) and (12b. 5) and would provide a more 
reliable comparison. Both the empirical values (12b. 35a) and (12b. 36a) 
are smaller in magnitude than the estimate of -0.90 for the long range 
force (12b. 4). This could either indicate that the harmonic oscillator 
wavefunctions are not too good an approximation for the single partic le 
wavefunctions or that the form of the force should be different. The , 
cut off long range force (12b. 5), e. g. , would require values of 
a' r::::,. 0.39 a' ~ 0.18 
for the values (12b. 35a) and (12b. 36a), respectively. If we accept, 
despite the arguments given above, the estimates (12b. 34) for 
= 
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(Q22(4)/Q22(2)), we can infer values of 
(Case (a)) 
(f4 /f 2) ~ 4.6, 3.6 (Case (b); core functions (12b. 7), (12b. 8)) ~ 
As a positive value of Q20(2) of the same magnitude would give the 
same results in the case of Ne 21 (this change effects only the single 
partic Ie contributions to the quadrupole moments and transition rat-es, 
which are small in this case), alternative values of 
a' c: 2.3, (f4 /f 2) "'" 0 (Case (a)) 
a' ~ 2. 5,(f4 /f2 ) "". 0.22 (Case (b)) 
are also acceptable. 
No further comments will be offered at this stage. Detailed 
investigation of a larger number of empirical parameters from 
successful application of this model to other nuclei could possibly 
yield more positive results . 
c. The matrix elements of Hc from the experimental 
values of CL 
Instead of using equations (3.23) and (3.24) we will calculate 
the matrix elements of Hc in representation (3.6) by the expression: 
Ec = <' J M, j K I Hc \ J M, j' K' '> :: (12c. 1) 
x 1: a J ,j IL) a J ,j (L) .( L ~ H ~ L "'> 
L K ' K' c 
with the tabulated values of the expansion coefficients ak.' j (L) 
(Table II) and the experimental values 
< 0 U H /I 0> :: 0 MeV 
c 
< 2~ H II 2) 1. 63 MeV 
c 
(12c.2) 
< 41\ H II 4 '> = 4.25 MeV 
c 
<6'Hl/6'>= c 7.60 MeV 
The results, (symmetric in K and K') are as follows: 
-115 -
J j K K ' Ec i n MeV J j K K ' Ec i.n Me V 
1/2 5/2 1/2 1/2 1. 63 7/ 2 5/2 5/2 5/2 2.741 
3/2 1/2 1/2 1. 63 5/2 3/2 -1. 405 
1/2 1/2 1/2 0 5/2 1/2 -0.082 
3/2 3/2 4. 076 
3/2 5/2 3/2 3/2 2.004 
3 / 2 1/2 -1. 732 
3/2 1/ 2 -0 . 917 
1/2 1/2 6.663 
1/2 1/2 3. 876 
3/2 3 / 2 3 /2 3 .3 14 
3/2 3 / 2 3 /2 0. 815 
3 / 2 1 /2 - 2. 1 74 
3/2 1/2 -0.815 
1/ 2 1/2 2.566 
1/2 1 /2 0. 815 
1 / 2 1/ 2 1/ 2 4.25 
1/2 1 / 2 1 /2 1. 63 
9/2 5/2 5/2 5/2 4 . 321 
5/2 5/2 5/2 5 / 2 1. 274 
5/2 3/2 -1. 679 
5/2 3 / 2 -1. 105 
5/2 1/2 -0.138 
5 / 2 1 / 2 -0 . 169 
3/2 3 / 2 5.446 
3 / 2 3 /2 2.771 
3/2 1/2 -2.311 
3 / 2 1 / 2 -1. 666 
1/2 1/2 3. 713 
1/ 2 1 /2 1. 835 
3/2 3 / 2 3 / 2 4 . 859 
3/2 3/2 3 /2 2. 004 
3/2 1/2 -1. 292 
3/2 1 /2 -0 . 917 
1/2 1/2 6. 991 
1/ 2 1 / :~ 3. 876 
1/2 1/2 1/2 4. 25 
1/2 1/2 1/2 1. 63 
= 
= 
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C. LOW LYING STATES OF F19 
XIII Introduction C 
In this section the calculations for the low lyi ng positive 
parity states of Ne 21 with a core-particle coupling model a re extended 
to the low lying positive and negative parity states of F 19 . 
An interpretation of the properties of these states has been 
given with both the shell model (Elliott and Flowers (El 55), Redlich 
(Re 58), Harvey (Ha 63)) and the collective model (Abraham and Warke 
(Ab 58), Paul (Pa 57 ), Bhatt (Bh 62), Rakavy (Ra 57), Chi a nd 
Davidson (Ch 63)). While the positive parity states are sat i sfactorily 
described by both models (see Table XIX) , one encounters difficulties 
in explaining the slow 1/2+ -~ 1/2- 0.11 MeV and 1 /2+ ~ 3/2-
1. 46 MeV E1 transit ions and the enhanced 1/2+ -+ 5/2- 1. 35 MeV 
E3 transition. Litherland et al. (Li 63) give values for 
of 
B(E A ) 
B(E ~ )sp 
I MI 2 = 10- 3 for the E1 transitions 
I M 12 = 12 ± 4 for the E3 transition. 
Here we su ;~gest a structure of the low lying F 19 states as 
the coupled system of a rotational Ne 20 core and single hole states . 
For the positive parity states of F 19 , we can deduce the following 
composition from the Ne 20 energy spectrum below 10 MeV (compare 
(Li 61)): 
(13 . 1) 
rr( +)(F 19) groundstate band) !f(+) (2s-1d hole) 
2 bands) 1f(-) (lp hole) (13.2) 
+ a~+) 11(+) (Ne 20 , higher bands) t(+) (2s-1d hole). 
As in the calculation of the Ne 21 properties, we neglect the last tw o 
contributions for the low lying states of F 19 The negative parity core-
negative parity hole states should lie mo re than 10 MeV above the first 
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contribution for we have a core separa:lOL of approximately 5 MeV 
and we need an additional 5 - 6 MeV to break up the 1p shell as IS 
indicated by the posihon of the first negativ parity states in 0 16 
and 0 17 (see Ajzen erg-Selove and Lau rltse (Aj 59 )) . The mtrinsic 
configuration of the higher positiv parity core states differs from 
th configuration of t he ground state baCld. The fni ial separ ation 
of approximately 7 MeV acd the poorer overlap of the intrinSIc core 
wave-func i ons will assure oLly a very srrlaU cor.tncuTlon towards 
th low lyI ng positi ve par ity states of F 1 g. 
The Hamll"oLian of this system !ili then' e "he same as 
th on used in the case of the Ne 21 s a t s (see equatio (2.17)) and 
the parameters of the Hamiltoni a n shoul d e similar to the Ne 21 
parameters (se equation (9.16)) except for the modifications 
(a) changes of sign due to the use of holes instead of par icles 
(see Chap_er XV a) , 
(b) pa ticle parameters change slightly as we deal with an 
odd proton inste ad of a neutron (see Chapte r XV b ) , 
(c) the addiho of c. 'hole i might affect the core more t han 
the addition of c. particle (see Chapter XV a ). 
With these assumptions, we find that t he d 3 contributions in the 
'2 
lowest states are t oo large. This is probably due to the fact that 
we neglect antisymrr etrisation effects in the proposed model, 
which, if taken properly into account, should make it more difficult 
to couple a d 3 hole to the Ne
20 core than a d 5 or s1 hole. To 
'2' 2' 2 
correct this deficiency, we lift the d 3 single hole part up by the 
2' 
introduc ion of a parameter 6 3 = 6,. . This can be interpreted as 
2' 
a change of magnitude in the single partic Ie parameters for the coup-
ling of a d 3 hole instead of a d 3 particle at the beginning of the s-d 
'2 '2 
shell (see Chapter XV a). 
We find that with these assumptions, m ethod (b) of section B 
(all d 5 states, 24 - 24 pole interaction gives good agreement with 
2' 
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experiment, while method (a) (truncation) do s not give satisfactory 
results. 
If we write the equivalent expression to equation (13.2) for 
the negative parity states of F 19 (only states with J tc: = ~ ; ~ - and %-
wi 11 be considered): 
i (-) (F I9 ) = ai-) v(+) (Ne 20 , ground state band) 1"( - ) (lp hole) 
+a~- ) ry;(-) (Ne 20 , 2 bands) 1ljJ(+ ) (2s-1d hole) 
+a~-) 1f'(+) (Ne 20 , high r band s) 1f-) (lp hole) , 
we find that the last t erm can be neglect ed by the same argument 
as before, while we have to take both the fast and second terms into 
account, as the pure hole and core contr ibuhons bri ng these states 
close togethe r in thi s case. 
The m asu l'ed negative parity states of Ne 20 have the spins 
(Li 61) L~ = 1-,2 -, (3-)2, 4- and ~-. The 1- state a t 5.80 MeV 
is likely to be a state of the configuration Ne 20 positive parity core 
and a hole + particle state with negative parity , as a 1 - collective 
state can not arise f r om simple surface oscillations, but involves 
changes in the in erl al composition or the dpnsity of the nucleus, 
which require large e nergies (e. g. , photonuclear vibrational state 
with T = 1 (La 60)). A similar structure is assumed for the 'un -
natural parity states' wi th L it = 2 - , 4 - . If this assumption holds, 
we would exp ct only a small contribution of these stat.es coupled 
wi th a 2s - ld hole in t he low lying negative parity states of F 19. 
Furthermor , we will assume that the two 3 states stem 
tC 
from a single ' collective I state with L = 3 -, which is split by 
particle - hole terms. The position of the collective state can be 
taken as the centre of gravity of the measured 3 - states in Ne 20 , 
while the wavefunction is taken to be of the form I L ML IL. = - '> . 
Though only one 5- state is observed, the same argume t should 
hold for this state, The position is given by the centr e of gravity 
(13.3) 
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of the measured s t a t e a nd a second stat e predicte d by the J (J + 1 )-rule 
see ref. (Li61 )) , 
The Hamiltonian of the system of a lp hole coupled to the 
Ne 20 core ground s at e band and a 2s -ld hole coupled to rotational 
states with L iC = 3 - a nd 5- will then be given by the same Hamiltonian 
as for the positive parity states of F 19 plus two additional term-s Hi 
4 
H = H + H + L H - D' (s ' L ) 
c P 1\.~-1 n - - . 
(13,4) 
Hi' H3 are dipole ·, dipole and octupole-oct upole i n eract ion 
terms between core and particle (hole) of t he fo r m (compare equation 
(2,15)) 
H 
n 
~ (13,5) (-) Y n , M (c ) Yn,-M (p), 
~~_.~ n n 
These terms give non -zero matrix elements between even parity 
core-odd parity hole and odd parity core-even parity hole sta 'es, 
(They give no cont r ibution in t he case of the F 19 even parity states, 
as we neglected the odd parity core-odd parity hole states). 
The E3 t ra ~1sition in F 19 wi 11 hen be ma.inly given by t he 
'collec ive
' 
transiti on ::; from the odd par ' ty core states 0 the even 
parity core states a nd so show the measured enhancement. E 1 
transitions between these s t ates shou.ld be forbidden , as they a r e 
of the type T = 0 ~ T' = 0 (T , T' isotopic spin). MacDonald (Md 55 ) 
has shown that isotopic impurities introduced by Coulomb forces 
give a small contribution (impurity smaller than 3. 9O/c for the Ne 20 
ground state in a statistical model estimate ). So t he obse rved slow 
E1 transitions between negative and positive pari ty states of F19 
can be obtained by a partial cance llation of the reduced core part 
and. the hole part of t he transition matrix elements. 
It should be noted that the coupling of a P 1 hole to the 0+ 
'2 
and 2+ states of Ne 20 at 0 , 00 and 1. 63 MeV respectively (Christy 
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Fowler (Ch 54 )) gives the required level spaCing , u : fails to Yleld 
the experimental trar.sition rates. 
Even with the simplifying assumpti on s described above, the 
number of parameters of the Hamiltonian for negative pari y s t a ,es 
is rather large. If w assume the negative parity core states to gi ve 
the same radial matrix elements as the poslhve pari y core states 
and if we fix the parameters, which do not influence t he composition 
of the low lying states greatly at reasona Ie value s , we find that an 
acceptable fit of the e nergy spectrum and the three measured electric 
tra nsition rates can be obtained for a large number of se s of the re-
maining parameters . If we try to distmgUlsh between these sets by 
u sing the available data on the Ml transino of he ~ - s t a e at 1. 46 
MeV to the t- state a 0 . 11 MeV , we find a transition probability 
t oo l a rge by a fac t o r of approximately 2. 5 in comparison wi h the 
experimenta l value and varying very slowly withm the sets of rea-
sona ble parameters . 
This secti n compris s the Chapters XIV (previous experi -
menta l and theore iL al re s ults) a r:.d XV (discussion of the appllcati on 
of the core - pan ·cle coup ing modei to F19) . 
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XIV Experimental a na P r evi ous Theoretica! Resu lts fo r F 19 
a . Experiment al r suEs 
F 19 has been l nves igat ed by a la r ge num er of reactions. 
The resulting level scheme can be taken from he uclear Data 
Sheets ( DC 62). The spins and parity of the 1. 35 a nd 1. 46 MeV 
states have been recently assigned by Prent i c e et al. (Pr 63 ) as 
~- and ~- respectively . No assignme nt s are a v a i labl e fo r t he 
2 2 " 
3 - 4 MeV region. (For i1 ustration of the expenment a l l e v e l 
scheme below 4 MeV , see Fig. 8). The measured s t at ic moments 
and the available data on _ransiUon ra es cetw een t he SIX low est 
states are summaris e d i n Table XVII . The lifeti me of the 0 . 110 
MeV t - state has been determined by ThI r n on e t a l. (Th 54 ) as 
,.,.... (+ 2 - 9 L 1 _ :: 1 - O. 5) X 1 0 sec, 
"2 
corresponding to an E1 reduced transition probability of 
1 - 1 T +0 . 16 - 2 9 2 B(El ; "2 ~"2 ) :: (0 . 47_0. 09)x10 cm 
This value is in rough accordance with the value of 
obtained from the C oulomb excita . ion of F 19 with Ne 20 ions by 
Stelson and McGowa 1 (St 60 ) and the earlier value of 
B(E1 ; i- -'"> t -i ) = (0 . 23X10-29 cm 2 (factor 2 uncertainty)) 
obtained by Sherr et al. (Sh 54) from the Coulomb excitation by 
a-particles. From equations (14. 1b) - 14. 1d ) we can infer a mean 
value of 
B(E1 ; t - -~ t +) = (O. 46 ~ 0.07)( 10- 29 cm 2 
which corresponds to (1. 22 ~~ ~ i~)X10-3 times the s i ngle particle 
estimate as given by Wilkinson (Wi 60). 
For the lifetime of the 0 . 197 MeV ~+ state , the following 
values have been gi ven 
(14.1a) 
(14.1b) 
(14.1c) 
(14.1d) 
(14.1e) 
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EM V e 
2.797 (9/2 12) 
1.556 3ft 
1.460 3/2-
1.347 SIT 
E2 E2 E2 
E3 E1 M1 M1 1'011 
0.'97 5/2+ 
0.110 
I 1/2-E2 
E1 ~ 1/2+ 
F IGURE 8 
The experiment al energy sprectrum of F 19 below 4 MeV 
- .~~ -
-
-- . 
---
- -
IMf Reference 
J-.!1+ 2.6287 -±- 0 . 0007 n m 
- (Ma 50) 
-
2 
J-.!5+ - 3.63~0.llnm - See followi ng text 
2 
QM 5+ ~ O. 13 )(10-
24 
em 
2 (Su 63) -
2 
B(E1 - 1-~ 1:.+) (0 46 -±- 0.07))(,,10- 29 em 2 (+ - 3 
I 
1. 2 _ 0.2))(10 See following text .... 
, 2 2 l\J eN 
I 
B(E2 ; i+ ~ i+) (0 . 224 -±- 0.015))(10- 50 em4 8.1~0.5 See following text 
B(E3; t+ -+- %-) (0 _ 30 +0 . 26){10- 75 em 6 
-0 . 27 
12 ~ 4 See following text 
B(E1 . 1+ ~ l-) (0. 752 -:- -29 2 10- 3 See following text 
, 2 2 ? ))(10 em 
B(E2 ; 1+ ~ ~+) (0. 5 0 ~~: i ~) )( 10- 50 em 4 9 ~ 3 See following text 
2 2 
T(M1; l--+o 1:.-) . 13-1 See following text (3 . 80 -:- 1. 90)x 10 sec 
2 2 
1'(~~ ~ ~+ ) 
-r(~+ -+ ~+) ~40/0 
See following text 
TABLE XVII 
Properties of the low lying states of F 19 , 
I 
.. I 
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= 
= 0.8 xlO- 7 lfactor 2 ) sec 
= (1.23-~0.07)xl0-7sec 
= (1. 25 ± o. 03h 10- 7 sec 
(Jo 54, 
(Le 55 ) 
Jo 5 ) • 
From he last two val-ues, we obtain for ~Le reauc ed transition 
pro a ill y 
5+ 1+ +0.005 - -50 4 B(E2;"2 ~ 2") = (0.222 -0. 006 )X lu em . 
This value can be compared with the ciL~E-ct meaS·H'emen. by 
Coulomb excitation: 
~ St 60) 
-50 4 
= 0.113xlO cm ,fac+or 2~ (Sh 54). 
If w do not co_ side r t he measurements wIth a large 'Jp.c ertai ty, 
w obtam a mea _ va: ~e for B(E2) of 
B(E2 ; ~+ --? ~+) = (0.224 ± o. 015 )X 10- 50 cm 4 ' 
which yields 
2 J I M I = (8.1!: 0 .5) . 
The discrerancy between the values of the reduc d tran-
(14 . 2a) 
(14. 2b) 
(14 .2c) 
(14.2d) 
Sl ' ion p ro a llity f r e rr the Coulom excitatior.. a!:~ the value inf rred 
from he llfetime meaS·J.remen , can not be exp air..ed by seconda y 
Coulomb excitation e ffec.Eo, as was poirtEd out by Beder (Be 63). 
The remalf.lng electric transitIon rates in Table XVII have 
been calculated from : he values of , MI 2 giver. by Litherland et al. 
(Li 63 ) (Coulomb excitatlO I ar:.d the singl particle estimates given 
by Wilkinson (Wi 60). 
The data for the magnetic moment of the li+ state are given 
2 
in Table XVIII . A value of (1. 24 -±- 3%) X 10- 7 sec is adopted for the 
lifetime 'L . If we omit th two earlier measuremen s with solld 
targets, we obtain a mean value of 
1-15 = 3.63 -±- 0.11 ) n m . 
2 
(14.3) 
Reference 
Target 
g'Cx10- 7 
Il~ (n m ) 
(Ma 58) (Le 56) (Ph 56) (Su 56) (Tr 56) 
fluid fluid fluid on film on film 
1. 74 ± O. 15 1. 84 ± O. 15 1. 74 ± 0.08 1.20-±" 0 . 80 2.23 -±' 0.50 
3.51"±" 0.42 3.70 ± 0.45 3.51±0.26 2.42"±" 1. 69 4.50±1.13 
TABLE XVIII 
Measurements of the Magnetic Moment of the 2+ second excited State of F 19 
2 
~:< The given error seems somewhat small, as the Larmor frequency is only determined with 
~ 3% accuracy. 
(Fr 61) >;( 
solid 
3. 69 ~ 0.04 
I 
l-
t'-
c.; 
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The value for the transition probability of the 1. 35 MeV M1 tran-
sition from the l- to the t - state follows from the lifetime of 
2 
Y = (0.25 +- 500/0)X10-13 sec 
gi ven by Booth (Bo 60) and the M1 - E2 amplitude mixing ratio of 
d= -0.23 i" O. 10 
given by Prentice et al. (Pr 63) . 
The branching ratio for the transitions from the 1.56 MeV 
l+ state to the lower positive parity states can be inferred from the 
2 
data given by Ajzenbe rg Selove and Lauritsen Aj 59). The log ft 
value of the ground s t ate - ground state {3+- decay of Ne 19 to F 19 has 
been determined by Wallace and Welch (Wa 60 ), as 
log ft (t + Ne 19 ~ t + F 19) = (3.26 i" 0 . 03 ). 
b. Theoretical interpretation 
F 19 was the first nucleus for which the application of the 
shell model and the unified model gave equally good results. 
(1) Positive parity st ates 
(14.4a) 
(14.4b) 
(14.5) 
She 11 model calculations in an intermediate coupling situation 
inc luding configuration mixing have been carried out by Elliott and 
Flowers (EI 55) (harmonic oscillator potential and a residual tw o 
particle central Yukawa interaction with Rosenfeld exchange) and 
Redlich ((Re 58) and Re 55)) (harmonic oscillator pot8ntial and two 
particle central Gaussian interaction with ordinary and space ex-
change in equal mixtures, also slightly deformed harmonic oscillator 
potential) . 
Collective model calculations have been presented by Paul 
(Pa 57) (strong coupling approximation with f3 = O. 3 ( 1. = 2. 91 
ok = 0.10); C = 0.30), Abraham and Warke (Ab 58) (weak coupling 
P = 0.78), Bhatt (Bh 62) (Nilsson model ~= 4; I< = 0 . 07 - 0.10; 
C 0.33), Rakavy (Ra 57) (Nilsson model L = 0.29 ( ~ = 2.58 k = 0.10); 
C ~ 0 . 55) and by Chi and Davidson (Ch 63) (assy metric core model). 
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The best results of thes calculations a re summarised in T able XIX. 
(2) Negative parity s t a e? 
Chri s ty and F owler (Ch 54 ) have suggested that t he three 
lowest negative parity states of F 19 m ight be expl a ined by t he coupling 
of a p 1. hole t o the Ne 20 g r ound- a nd first-excited stat es. This could 
2 
gi ve the ob s erved ~ - 1- dou.ble , at approximately the right ene r gy. A 
2 2 
more quantitative calcula ti on was carried ou by Harvey (Ha 63) u sing 
the SU 3 approach for the excita t io of a 1p partic l e fr o m the 0
16 
core into the 2s - l d s hell. The aut hor finds that, a lthough t he fit of 
the energy spectrum i s quite reasonable , the me a sured er..hanced E3 
transition rate from he ~- to the ground s tate is not given satisfac-
2 
tor ily by this model (factor 10 disc repancy ) . 
~' I 
E(MeV) 
1+ !-L(n m ) 
2 
log ft ((3+) 
E(MeV) 
5+ !-L(n m ) 
-
2 
T(sec) 
QM(cm2) 
E(MeV) 
3+ 8 (E2 ; ~+~ ~+)cm4 
-
2 2 2 
11 (~+ -+ ~+) 
2 2 
T'(~+- ~+) 
2 2 
9+ 
2 E(MeV) 
~ 
(E I55 ) (Re 55 ) (Re 58 ) (Ab 58 ) (Pa 57) (Bh 63) (Ra 57) (Ch 63 ) This 
Undeformed Deformed 
Model 
0 0 0 0 0 0 0 0 0 
2.80 - 2.87 2 . 94 2.91 2. 76 2. 75 2. 54 2. 76 2 . 8 1 2.63 
3.10-3.25 3.20 3.25 - 3.52 - 3 . 11 4 . 52 3. 13:0.02 
O. 2 0.17 0.16 0.25 O. 24 O. 50 0 . 20 0 .2 0 O. 199 
3.30 3.74 3.68 4. 30 3. 70 3. 65 3.80 - 3.59 
5(10- 7 (a) 2 -7 2.7 nO- 7 - - 0.9XIO- 7 2 1 x 10- 7 . 75l( 10 (b) 3.43 (IU - 7 1.24"10- 7 
1)1.10- 7 1.3 1IClO- 7 
- - - - - - - -0. 64.dO- 25 -0 13 J{ 10- 24 
l. 50 - - 1. 66 l. 55 2.70 1. 57 1. 56 1. 559 
- - - - - - - - 0.275 )(10 - 50 
0.60/r - - - 0 .8% - - - 0.3% 
2 - 3 - - - 2.90 - 2.81 2.80 (2.7 9) 
-
(a) Corrected for inclusion of core vibrations (b) The quoted values are for ~ = 0.31, 0.45 
TABLE X IX 
Theoretical Resu Its for the Low Lying Positive Pari ty States of F 19 
Experiment 
0 
2.629 
3.26-:-0.03 
O. 197 
3.63 -:- O. 11 
( 1. 24 : O. 04) )( 10 - 7 
~ O. 13 Xl0- 24 
1.556 
(0 .25 -:- 0.08))( 10- 50 
< 4% 
2.797 
-
f-' 
W 
CO 
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XV Application of the Core -Particle Couplir.g Model t o F 19 
a. The coupling of holes 
The usual proc edure for the re l ati on of the matrix elements 
of particle a nd hole configurations, which are conjuga t e with respect 
to closed shells (see Bell (Be 59) and fur her references given there), 
does not seem · 0 be appli cable in a s raightforward maEner to re-
lations between partic l e a nd hole rna rix ele ment s, which are conjugate 
with res pect to a ny given configura"tion. Further complication arises 
from the fact that the operators in our model are not s y mmetrical 
functions of the variables of a ll the partic les involved, as we simpli-
fied the actual many b ody problem to essenhally a two body problem . 
In the case of a t omic. a nd nuclear physics, the ho l e state is 
t o be imagined as the abs ence of a par ide from a positive energy 
state. So t he energy of a hole wi .1 be of opposite sign from the energy 
of an equi valent parTicle. As the co r e is u nc hanged in ou r case, we 
find (neglecting exchange and other effec'~ s for the ti me being) for the 
Hamil oni ar.. (13.4) 
H (core a Ld holE) = Hc - Hp - Hcoupl 
To i nvestigate t.he behav~our of the pari;ic l e oper a ors for 
the s t atic mom d s end electric: a nsitions , we will make u se of 
the descript ' on of hOLes and particles given by Brink a nd Satchler 
(Br 56 ) . If we describe a particle s t a te (q-number theory ) by the 
application of a cr e ati on opera or to the vacuum (or a ny other) state 
Ijm,) = 1(.t \0» Jm 
the equivalent hole state I jm> will be given by the application of 
the particle destruction operator V"Lj-m to a sta e 10'') containing 
the parti cle state I j-m,;> (phase fact ors neglected ) 
I jm > = ~ . I Q> . J-m 
(15.1) 
(15.3) 
Ina more symmetrical w ay VI can be interpreted as the creation . ~ j-m 
operat or of a hole s ate I jm> and I Q) can be t aken as the vacuum 
state of t he world of holes. As t he time reversal operator T changes 
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the sign of both o rbita momentum a nd in:rif1.sic spin (s ee e. g. , Wick 
(Wi 58)), equati ons (15. 2 )and (15.3) imply that a hole state and a 
particle state are related by (c-nu m ber theory ) 
tf-hole ) = T't(particle) (15.4) 
besides following t h e energy behaviour (15 . 1) . In particular, this 
means land s change sign. In addition the cha rges are conjugate 
e (particle) + e(hole ) = 0 (15.5) 
From thes e prope rties follows that th magn tic moment does not 
reverse sign 
fJ. (hole) = fJ. (pa rticl e) (15.6) 
(compar e Talmi and Unna (Ta 60, p. 362 )) , but the particle parts 
of the electric moment s do change sign 
(e r~ Y A (P ))hoi e = - (e r ~ Y ~ (P))particle ' (15. 7) 
as the space part is n ot affected by t ime reversal. 
Besides the changes i n sign in equations (1 5. 1.) , (15.5 ) and 
(15.7) the replacement of t he coupling of a part icle to the core by the 
coupling of a hole gives ris e t o the following corr ec ions: 
(a) From the ger..e r a l outlines of the shell mode , we can assume t hat 
in Ne 20 the fo u r particle s out side the closed shells have a much 
smaller probabili.y of occupying the j = i single pa. rt icle state 
than t he j = ~ , t states. So it wi 11 requi re mo re energy to add a 
3 20 _ 5 j = "2 hole t o the Ne core han a j - 2' t hole. To account for this 
we will add a term 
(15.8) 
to the Hamiltoni a n (1 5.1 ) and treat .6 ~ 0 as an additional free 
parameter . This amount s to replacing t he particle part of the 
Hamilt onian for the j = ~ hole s t at e - H by ~ H + A . 
2 P P 
((3 ) It was poi r..ted out by Pandya (Pa 56) t hat the interaction energy 
of a partic le-hole system does not simply reverse sign with 
respect to a particle-pa rticle s y stem, but shows a more com -
plicated behaviour . Though the r esults of Pan dya are not 
• 
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applicable to our co r e-particle system , we can hope t o use 
them as a rough guide and state that apart from t he change 
in sign, we should e xpect a change of t he parameters D' of 
the ~. ~ ) form a rrd of th e coupling term Hn' As the matrix 
element s of H n do not depend on the qu a tum number J (see 
equation (3. ] 7)), w shoul-d expect a sma ler change for the 
parameters of H i n. compariso n to D ', 
n 
('y) Although t he resu lt s for the couplLg of a parti c l e t o the 
Ne 20 core indicate that "he assu mption of a n. undisturbed 
core yields reasonable resul's, we can not e sure whether 
the pict re of a n 1mriisturbed core c a r: be mairrt a ined for the 
coupling of a hole . 
b. Results of tl:i~ model for the positiv e parity states 
1) Energy fit and parameters of the Hamilt oni an 
The diago __ a i sati on process of the Hami ltonian for F 19 
follows the same pa t ern set out in he case of Ne 21 with t he ex-
ception that we have 'co choose the paramet ers to allow for the changes 
indicated i part a. f t his chapter. 
It was fou p..d t ha.t he diagonali satio of the energy matrix 
of Ne 21 (posit ive par . y s t a te s ) gives satisfactory results for two sets 
of par amet ers. CaSE: (a ) fo llowed the Nilsson model description 
more c lose ly and adopt ed tr catio (see Chi and Davidson (Ch 63) ), 
while case ( ) allowed for a small admix ure of the trunc ated state 
j = ~ K = t in the l owest state s of Ne 21 by taking into account the 
2 
H4 part of the interac ion Hami ltonian. 
In the case of F1 9 we find the following results: 
Case a ) 
If we use ~he t r uncation process consistently, we should 
assume that in Ne 20 only t he j ::: ~ K::: t subshell with four nucleons 
2 
is filled besides the closed 1 sand 1p shells. So the only single hole 
state of t he n ::: 2 shell that should be coupl ed to the core is a 
= 
-13 2-
j = ..Q. K -= thole. The energy patte r~ c a n te rep r oduced in this 
2 
case, but the magnetic moment of the J = t ground state of F 19 gives 
the s ingle partie Ie value fJ. 1 = 2 . 79 nm , whi ch i not in good agree-
"2 
ment with the experiment a l value. If w e undertake to c ouple a two 
hole (j = ~ , K = t) - one particle state i n addition to t he single hole 
2 
s t ate, the situation can probably be improved , but we would need a 
larg r numbe r of paramet ers, as we have t o take into account 
besides the 2 hole-par ic1e - core i ._teraction, i te h ol e-hole and 
parjcle - hole residual terms . The lack of ex eri m e ntal data in 
the 4 - 10 MeV region for tra nsitions a nd s t atic moment s does not 
a llow a deta iled examination in this parametri c d esc r ip ion. 
Char ac t erist ically a coupling of the remaining possible 
sir .. g e hole s t ates b e sides the tru r:.cated state of t he n = 2 shell, does 
not give a satisfact ory fi t. ev en of he energy spectru m for a wide 
range of pa r a rnet erb . 
The parameters of the Hami ltonian fo !"' the positive parity 
stat es a re (see equation (9. 11) ) 
(15.9) 
In a dditi on, we have the parameter 6. (see equati on (15. 8)) . 
A good fit of the low e nergy d at a for the positive parity state s 
of F19 can be obt air~ ed fo r 
Q 22 (2 / = -9.80 Q20 = 7. 70 Q22(4) = -15 . 80 
D2 = -3.00 DI 2 = -O. 80 DO = - 0.80 
(15.10) 
E 20 = 1. 00 ~ = 4.00 
C 2 = O. 30 C 4 = 0.20 C 6 = O. 18 
(all in MeV ). 
The core paramet ers lie bet ween the value s obt ained from 
0 18 a nd Ne 20 (se ' Ajzenberg-Selove and Lauritsen (Aj 59)): 
- = 
- 13 3-
Ne 20 0 18 
C 2 0 .27 0.30 0.3 3 
C 4 0 . 21 O. 20 O. 18 
C 6 O. 18 O. 18 ? 
If we assurn simil ar patterns of change fo r the single 
p r oton a nd single r..eutr o param eters wiThin the major n = 2 shell, 
we find that t h e a Jues of D2 a _ d E 20 a gree well with t h e values 
used in the case of N e 21 (see equation (9 16b )); for we have at 
the beginnin g of the shell from the data of 0 17 a nd F 1 7 
Neutron P roton 
2. 03 1. 88 
- 1. 16 - 1. 38 
The magnitude o f the 2n 2n pole c oupling parameters are early 
unchanged fro m the e 21 values; there i s a change of the para-
, . I 
meters DO a nd D 2 , but it is n ot dr astic. 
Th . resulting energy scheme (re- a d justment to 
E(ground state) = 0) has he sequence 
+ 5+ 3+ 
0 . 000 : J -= t , 0 .199: J ="2 1. 559 : J ="2 
9+ 
1. 810 (2. 785 , 2.792) : J ="2 ; 4.441 (5.228, 5.266) J 
and s t ate s above 10 MeV . 
(15.11) 
(15 . 12) 
(15.13) 
The values given in brackets in the c as e of the 2. and ~ states 
2 2 
a re for the correction of the 2n - 2n pole intera cti on parameters (see 
equation (9.18 » in the caSe Land / o r L'=6. For the first value in 
brackets a = 0.16 , C 6 = 0.18 , fo r the sec o nd value a = 0.185 ,C 6 = 0.17 
is used, as c ompared with a = 0 . 18 , C6 = 0.18 for Ne 21 
Besides one 'band ' a ll the rem a ining level s are more than 
10 MeV above t h ground s t ate. Ther f o re t he number of parameters 
is larger than the number of identified levels a nd the energy fit alone 
is not signific a nt. The very close agreement of the parameters with 
the parameters used for Ne 21 shou ld be noted, however. 
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Th expansion c oefficients c J d, K ) of the final wave functi ons 
\ JM> m terms of the stror..g coupling ' wave functi or: I JM , j K) for 
the three lowest s t a t es, a r e given in Table XX. 
2 ) Transitions a nd Moments of F 19 
(0' ) ~agnetic Moments 
E v aluation of the matrix element s of the operat or (4. 3b) in 
repre senta i o n (3 .4 3) with a v a lue of g = 0.43 for the core contri -
c 
buti on as i n t he case of Ne 21 gives fo r t1:' e magnetic moment of t he 
lowest t + a nd ~+ s t a tes : 
2 
J.ll :: 2.63 nm 
"2 
= 3.59 rn 
These values a re in good a greement with expe riment. 
(8) T r a n s itions between pos itive parity states and the 
qLa drupol e moment of the 5+ s ec ond excited state 
.. ~ 
(15.14) 
If we express t he core c ontributi ons t o t he quadrupole features 
in t erms of the intrin sic moments 
Q(2 ,LL ') :: < mtr (L) II Z H211 i ntr (L '» 
c 
a nd empl oy harm onic osc ill a t o r wavefuEcti ons t o evaluat e the r adial 
particle part, we oeta i n f o r the 5/2+ -~ 1/2+ E2 tra nsition a nd t he 
quadru pol e mome nt of t he 5/2+ state using equations (4. 1), (4. 9) 
a d (4.10 ) 
B E2 ; 5/2+ 4 1/2+ ) = ~ (0.1266 Q (2,20 ) + 0.1205 Q(2,22) 
+ 0.2515 Q(2, 42 ) - 0.922 1 b 2 ) 2 
(15.15) 
(15.16) 
<5 /2+ 5/2IQMI5 2+5/2 7 = - e(0.1935Q(2 , 20)+0.0292Q(2,22) 
+ 0 .1399 Q (2 ,42 ) + 0.2076 Q 2,44 ) - 1. 0414 b 2 ) . 
Equati on s ( 5.16 ) toge ther with Equa'tions (10. 3b) and (10. 4b ) form 
a s y s t em of four li ne a r equa ti ons in five unk nown quantities. If we 
t ake equ a ti on (~ O. 2) as a n a u xilia ry co .dition, we find that the solution 
of this system does not yield a satisfactory set of the parameters 
Q (2 , LL ') a nd 2 for the e xperiment a l v a lues 
= 
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J j K 
1 5 1 
-0 . 65006 2 2 2 
3 1 O. 69332 2 
2 
1 1 0.31100 2 2 
3 5 3 
-0 . 01419 
2 2 2 
1 
-0.59824 2 
3 3 0 . 04589 
2 2 
1 O. 74974 2 
1 1 0.27874 2 2 
5 5 
-
5 0.01294 
2 2 2 
" ,) 0.04292 
" 
" 
1 O. 68817 2 
3 3 
-0.02713 
2 2 
1 
- 0 . 66048 2 
1 1 
-0.29573 2 2 
TABLE XX 
Expansion coefficients c J (j I K) fo r the three lowest positive 
parity states of F 19 
= 
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5+ 1 + 50 4 B(E2 , 2" -> 2 ) = 0.224 )(10- cm 
l< ~+ ~I QMI ~+ ~ > I = e 0.13>< 10- 24 cm 2 
2 2 2 2 (15 .17) 
Ne 21 <" ~+ ~ I QMI ~+ ~ '> = e 0.093 ><10- 24 cm 2 
2 2 2 2 
e 21 B(E2 ; ~+ --7 ~+) = O. 25X10- 49 cm4 
2 2 
If we accept a value of 
3+ 5+ 49 4 B(E2 . - -> -) = 0.20x10- cm 
, 2 2 (15.18 ) 
(a deviation of 20% will certainly be involved in the determination 
of this quantity), we obtain the set of parameters given in equation 
(10.9). With the errors given for the measured values of Q(2, 20) 
and Q(2, 42) slightly deviating sets are still acceptable , but since 
the determination of the quadrupole moment of the 5/2+ state of F 19 
and possibly the E2 transition probability of Ne 21 is not yet too 
accurate, we will accept the given set for the time being. 
With the values (10.9), we obtain for the E2 transition 
probabilities between the 3/2+ and 1/2+, 5/2+ states 
3+ 1 + 11-1 T (E2; - -7 "2 ) = 3.12)(10 sec 
2 
T (E2; ~+ ~ ~+) = O. 95x10 11 sec- 1 
2 2 
(15.19) 
The first value corresponding to I M I 2 = 10 (reduced 
transition probability B(E2 ; ~+ ~ t +) = 0 . 275 ><10- 50 cm 4 ) shows 
2 
good agreement with the available experimental value. 
Equations (15 . 19) together with the values of the corresponding 
M1 transition probabilities 
T (M1 ; ~+ ~ t +) 1.20><10 11 -1 = sec 
2 
T (M1 ; ~+ -7 5+ 1.47x10 14 sec- 1 
- ) = 
2 2 
(15.20) 
give a value of 
"\0<.0.3% (15.21) 
• 
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whi ch is compaU le with expe ri m ent , t h ough sm a ller tha n the theore -
tical shel a d c o ll ctiv e model values. 
The log ft value of the ground state /3+ transition fr om Ne 19 is 
log ft = 3 . 13 ± 0 . 02 , 
if we use the same neutron wave function for Ne 19 as the prot on 
wave function of F 19 and values of 
x = 0.560 ± 0 . 012 Bg= (2. 783 ~ 0 . 07 ) ( 10+3 
(Koenford - Hansen and Winther (Ko 56 )). 
c . N egative panty states 
The paramet ers of the Hami t oni an (1 3 . 4.for the negativ e 
parity states are 
(1 5.2 2) 
Q ll,(l), Q 11 , (2 ), Q 11,(3), Q
11 
,(4 ) ; D2, D1, DO ; D 2 , D 1 , E 20 , E2 1 
CL , H (3- ), H (5- );. c c 
With the assumption discussed in the Introduction C , we have 
D2 = -3 . 00 
C 2 = O. 30 
Q22(4) = -15.80 
E 20 = 1. 00 
C 4 = 0 . 20 
(15.23 ) 
The spin orbit cou pling parameter in the 1p shell D1 can be taken from 
Kurath's work (Ku 56) as 
for a hole at the end of the shell . 
3 ~ E21 '!G 6 
E can b e roughly estimated as 
21 
from the values of the first negative parity states in 0 16 a nd 0 17 
Using harmonic oscillator wave functions, we obtain an 
(15.24a) 
(15 . 24b ) 
estimate for the 22 - 22 pole interaction parameter in the 1p shell of 
(15 . 25a ) 
assuming a long range interaction pote!!tial of the form 
(15 . 25b) 
Among the remaining parameters 
E D ' D' D' 21 ' 2 ' 0 ' 1 (15 . 26 ) 
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b oth Q 1 O( 1 ) and DO i nflue nce only t he %- s t a tes and affect the POSltiOr:. 
of the lowest states only slightly. So we can t ake 
Dr ~ Dr o 2 (15.27) 
and 
obtained from a long range potential of the form (15. 2 5b) and har monic 
oscillator wave functions. 
It was found that for the parameters (15.26) with equations 
(15 . 23) , (15.24 ) , (15. 25a ) and (15.27) the posit i o of the thr ee lowest 
levels and the measured E1 , E3 transitions can be fitted fo r a ny value 
of Q12(1) between 0 and 20 MeV under reasonable adjustment of the 
remai.ning parameters. A value of b 2 = 0.6 x 10- 25 cm 2 requi r ed a 
value of 
Q(l) "'" 1. 35)( 10-13~ O. 39<intr~ Rcll intr> 
for the dipole core co tribution to the transition in the cases inves-
tigated and a value of 
Q(3) ~ (12 i" 1. 5 ) )( 10- 38 cm 3 
(15.2 8 ) 
(1 5.29) 
for the octupol e part of the core . As the maximal T '" 1 contributi on 
to the Ne 20 ground state is 3. 90/( we obtain the estimate 
Q(3) ~ Q(l) Q(2) ~ 10.5 >( 10- 38 
0.39 
in agreement with the required value of Q(3). The only fu rther experi-
mental information available is the 1- -7 t - t r a nsition, which gives 
2 
for the M1 contribution a value of 
T ( M1 ; 1- ~ t-) = (9.5 ± 0 . 4)(10 13 sec- 1 
2 
for the range of the Q12(1) values indicated above. This i s by a fac t or 
2 . 5 larger than the experimental value and the variation i s too slow to 
use it to d i scriminate between the various sets of parameters. 
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d. DIScussior. C 
Application of thE: proposed model to t he negative panty s t ates 
shows its limitations. Even though the multiparametric fitting p r ocess 
is nonlinear and therefore no one-to-one correspondence between the 
number of parameters and fitted data is required, the large numbe r of 
parameters for the more complicated core and particle configuration 
does not yield any definite results in this case. There are too few 
transition data available to serve as a selective feature, especially as 
the negative parity core states are idealised and so the co r e parameter s 
can not be extracted directly from the experimental data. To overcome 
these difficulties , experimental information on higher levels and t r an-
sition rates from these levels would be needed. 
The results preser:ted nevertheless give a fair indication that 
the suggested structure for the negative parity states of F 19 is able to 
gi ve a consistent description of the measured e l ectric transItIOn data 
between the lower levels. 
The faiiure to obtai satisfactory results for the positlv 
parity states in case (a) without the inc lusion of hi gher terms of the 
form 
core - particle - 2 holes 
raises the question whether similar terms should not be generally 
taken into consideration, at least for the coupling of hole states. The 
overall results in case (b) however, are quite satisfactory without 
these terms. 
The parameters of the Hamiltonian compare favourably with 
those used for the Ne 21 states. 
The core parameters of the energy C L are slightly changed 
from the Ne 20 values towards the 0 18 values, while the remaining 
core param eters Q(2, LL ') and gc give satisfactory results with the 
same v al !e s for the coupling of particles and holes. It is s ti ll 
-140-
possitie Tta.\ a sa-';'sfa ctory Interpretatior: of tte FIg lE:vei schemE: 
could be obt a ined with the Ne 20 CL - values, a lthough from the 
numerical c alculations carried out, no i ndication of this possibi lity 
was obtained. So it seems that the core is slightly disturbed for the 
coupliLg of hol es. 
The change s it: the single particle par ameters show a rea-
sonable pattern in comparison wit h the difference of the proton and 
neutron parameters at the beginning of the shell. The necessity to 
i troduce ar. additional parameter 6. for the j = 3/2 states to accou t 
for thE: neglected a tisymmetris ati on effects is not very satisfactory . 
The parameters of the in eraction part of the Hamiltoni a n 
h 1 "1'" f 'h N 21 1 s ow 0 .y a smal vananon rom te e va ues. 
The agreement of t he energy levels , magnetic moments , 
log ft value , quadr'upole transiti on rates a nd the quadrupole moment 
of t he 0.197 Me T 5/2+ s t a te with experiment, is good. The Ml 
transition ra es seem t o be higher tha n the experimental values, as 
e ir.ferred r a nch 'ng of the 3/2+ ~ 1/2+ 1. 56 MeV a nd 3 / 2+ ~ 5 /2+ 
1. 36 MeV trar:s iti ons IS re lative:y smar , a lthough it is still com-
patible with experimen·~ . So the same picture for the M1 trans iti ons 
as i n the case of Ne 21 is obtained here. 
The r..umber of fi tted data is smaLler than t he total number 
of par a meters, but if we consider the small vari ation of the para-
meters as compared with the Ne 21 values, the overall agreement 
with experiment can be said t o be significant. 
Compariso . of the final wavefunctions with the collech ve 
and shell model wavefunctions (compare Paul (Pa 57) and Elliott , 
Flowers (EI 55)) could only be attempted if the core were analysed 
in terms of a specific model. No such attempt will be made here. 
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D. LOW LYI G POSITIVE PARIT STATES OF Mg 25 AND A 1 25 
XVI Introduction D 
The successful interpretation of the properties of t he mirror 
pair Mg25 and Al25 with the rotational model (see (Li 58) and earlier 
references given there), initiated the theoretical investigation of s-d 
shell nuclei in terms of collective motion. Detailed examination of 
25 25 the Mg - Al system has raised the following points : 
1. A satisfactory interpretation of the energy spectrum can only 
be obtained with the inclusion of an additional term 
in the Nilsson model Hamiltonian. A value of JJ. ~ O. 167 (with 
"L ~ 3.5) is indicated (Bi 60). 
2. The reduced transition probabilities B(E2) for the corresponding 
-y-decays of the first excited states of Mg 25 and Al 25 differ by 
a factor of approximately 7 . No satisfactory explanation of the 
experimental data can be given in terms of collective model'S 
(Fe 60 ) . 
Here we propose to describe the low lying positive parity states 
of Mg 25 by the coup ing of an s-d neutron to the Mg24 core. Only the 
0+, 2+ and 4+ levels of the Mg24 ground state band have been identified 
(En 62 ). So we will restrict ourselves to the lDvestigation of Mg25 states 
with J il ~ 5/2~ No separate calculations for Al25 will be performed . 
However, if we consider the close resemblance of the level structure 
of Al 25 and Mg 25 below 4 MeV, the use of Mg 25 wavefunctions for an 
outside proton should yield satisfactory results for the calculation of 
transition rates and moments in A1 25 . 
If we follow the extreme single particle picture (compare 
Introduction B, case (a)), we can assume that for Mg 25 the j = 5/2 
K = ~ and j = 5/2 K = 3/2 sub-shells are filled and we will 
(a) truncate these states to account for antisymmetrisation. 
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ApP"lcatior. of the S U 3 schEme to Mg24 (Ba 63 ) indicatEs that ttc ground 
stat:e band is the K = 0 member of the spat i al structure 
[44J, (8,4), 
The addition of another s -d particle does not yield direct resu~ts as in 
the case of Ne 20 , So we will take the rather opportunistic approach and 
(b) couple all the possible single particle states to Mg24 
with a choice of the parameters to reproduc e the lowest states of Mg2 5, 
We must keep in mind, however, that some of the final states haVE to 
be excluded , 
With these assUlT,ptio s a fIt of the e ergy sp trum c annot: be 
achlevea for tht- Ham LJ 10man (2 17 ), As 1ft the c olL ec 1 l\te model caiCU -
la lor S ar add1110na l term of th fonn 
15 r eeaea 10 lmpro e ih suuanon, 
• 
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XVII Experimental Da a for Mg 24 , Mg 25 , Al25 and Previous Theoretical 
Results for Mg2~, A125. 
(a ) Experimental data for Mg24 
The relevant data for the Mg24 core are taken from the 
review of energy levels of light nuclei given by Endt and van der Leun 
(En 62). For the ground state band three levels have been identified 
with the energies 
0+ 0 MeV 
1. 3676 "±" 0.002 MeV (17.1) 
4+ 4.1203 "±" 0.002 MeV 
The corresponding CL values are: 
C 2 = O. 228 Me V , C 4 = O. 206 Me V . (17.2) 
Only the lifetime of the first excited state has been determined. Endt 
and van der Leun give a lifetime of 
Y(1. 37 MeV) = (1. 7"±" 0.2) >( 10- 12 sec (17.3) 
as an average of ten independent measurements. Using equation 
(4.11) a value of 
Q(2,20) = "±"(3.55:-g:I~))(10-25cm2 (17.4) 
can be inferred from equation (17.3). The close agreement of this 
value with the one given for Ne 20 (see equation (10. 2)) should be noted. 
(b) Experimental data for Mg25 and Al25 
The experimental energy spectrum of Mg25 below 4 MeV 
given in Fig. 9, is taken from reference (En 62). Static moments and 
transition data for the lowest four levels of Mg 25 with an angular 
momentum smaller than 5/2+ and, if available, for the corresponding 
Al 25 levels are listed in Table XXI. 
For the magnetic moment of the ground state the values 
"±" 0.002 nm J.J. 5 / 2 = -0.855 (17.5) 
= -0. 85446 ~ 0.00015 nm 
have been given by Kucheryaev et al. (Ku 60) and Alder and Yu (AI 51), 
respecti ve 1y . 
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~----:c------.-----""'- - "--- -- _ .. ---------------- --~~---------_, 
E MeV 
.J 
rvrg 25 
5 / 2 0 
1----
1 / 2 0 . 58 
-----
3 / 2 0. 98 
5 / 2 1. 96 
+ f3 ' bran ch 
IVig 25 
- 0 . 85 5 n m 
-24 2 
e O.22xlO cm 
R eferenCt 
s e e ext 
(L u 62 ) 
3 . 59 ~ 0.02 s ee t ext 
)- 99. 1% 
(5 . 05~0 . 30 )1(10 - 9 s e c 
(T a 60a) 
(Ft 60 ) 
(2. 66±0 . 20 »(.10- 9 sec s ee t ext 
~2( 3 / 2-~ 5 / 2 ) + - 10 (1. 7 _0.4 )dO s e c (An 61) 
r-
< 10 - 9 
" 
J ( 3 / 2 ~ 5 / 2 ) O . 30~0 .1 5 
[ (3 / 2 -+ 1 / 2) 0.1 5 -:- O. 15 
1 P/ 2~ 5 / 2 } + 
"' {3/2~ 1 / 2 ) 1. 0 5 - 0 . 0 5 
1. 38 
l og ft ({3+) ~ 4.90 
f3+ b r a nch < 0.4% 
branch t o 3 / 2 25 -:- O. 5% 30% 
b ranch to 1 / 2 5 ° -±- 3% 50% 
branch to 5 / 2 25% 20% 
TABLE XXI 
Transitions and Moments of A1 25 and Mg25. 
(F e 60 ) 
} (Me 61 ) 
(G o 56 ) 
(L i 5 6) 
(St 56 ) 
{E 6 2) 
(G o 56 ) 
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The value of e 0.22 X 10- 24 cm 2 fo r the quad r upole mom ent 
of this state is higher than the value of e 0.14 J( 10- 24 c m 2 pr eviously 
reported by the same author (Lu 61). The corresponding value of the 
collective model parameter d is 
d ~ 0.43 . (17.6 ) 
The log ft value for ground state - ground state {3+- decay of 
A1 25 to Mg 25 is given by Talbert and Stewart (Ta 60a) and by Wallace 
and Welch (Wa 60) as 
logft = 3.63"±"0.02 (Ta 60a) 
= 3.56i"O.04 (Wa 60) . 
(17 . 7) 
Upper limits for the transitions to the 0.98 and 0.58 states of Mg25 
are 0.4% and O. 90/c respectively (En 62). A lower limit of 4 . 9 for 
the log ft value has been given for the first of these transitions (St 56). 
The quoted lifetime of the first excited state of Mg 25 determ i ned 
by Ferguson et al. (Fe 60) is in good agreement with the average of the 
measurements by Bishop and Kossanyi-Demay (Bi 59) and Andreev 
et al. (An 61): 
r- 25 (; O. 58 (Mg ) = (3 . 0"±"1.0)X10- 9 sec 
= (6. 9 "±" 1. 7) X 10- 9 sec 
(Bi 59) 
(An 61) 
The latter value is determined by the Coulomb excitation of Mg 25 
(17 . 8 ) 
with N 14 ions. Experimental values for the corresponding de-excitation 
of the 0.455 MeV level of A1 25 have been given by Goredetzky et al. 
(Go 60a) and Ferguson et al. (Fe 60). 
"- 2 5 LO.46 (AI ) = (2. 71 ~ 0.14) X 10- 9 sec (Go 60) 
= (2.60±0.43)X10- 9 sec (Fe 60) 
(17 . 9) 
As the static moments of the ground state are not available for A12 5, 
we note for comparison the respective values of A12 7 (Ma 50): 
QM = e 0.156 't. 10- 24 cm 2 
(17 . 10) 
f...l = 3.640 nm . 
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c. Previous theor etical r esults for Mg25 and Al 2 5 
Collective model results for the mi rror pai r have b een 
presented by Litherland et al. (Li 58) , Bishop (Bi 60), Sheline a nd 
Harlan (Sh 62), Bhatt (Bh 62) and Chi and Davidson (Ch 63) . 
The results of Litherland et al. based on the description of 
the energy spectrum in terms of the simple rotational model require 
differing values of the rotational parameter C for the var ious bands 
to account for the experimental situation. More recent values are 
given by Gave (Go 60) as 
band based 
on 5/2+ 0.271 
ground state 
band based 
on first ex- 0.182 
cited state 
band based 
on 1/2+ fifth O. 151 
excited state 
0.279 
0.177 
0.150 
1.7 2.0 
-0 . 07 -0.23 1.6 1.3 
-0 . 56 -0 . 47 
Here a is the decoupling parameter , B the parameter of the rotation 
vibration interaction term _B(!?)2. A fair interpretation of relative 
(17 . 11) 
transition data can be given in this case. An application of the Nilsson 
model showed an inversion of the lowest two bands. With suggested 
values of ~ between 4 and 6 only approximate agreement with experi-
ment is obtained for the branching ratios. 
It was pointed out by Bishop that the inclusion of a term 
J..l ~2 improves the position of the two lowest bands. In the case of 
Mg 2 5, values of J..l = 0 . 167 and 't ~ 3.2 with a corresponding decoupling 
parameter of a = - O. 15 for the band based on the first excited state 
are required. 
The ordering of levels within the various bands of Mg 25 in 
terms of t he rotational model has been re-investigated by Sheline and 
-147-
Haf Lar ;:,h 62) with parameter s si.rr,ilar to the ones gIven it' eOll8.TlOn 
(17 . 11). The interpretation has been ext.ended beyord the low iying 
levels, but poorer agreement has been found above 4.4 MeV. Possible 
higher order effects for these deviations are discussed. 
The Nilsson model calculations of Bhatt (parameters /J. = 0.167, 
~ :: 3, k:: 0.1, C :: 0,23) indicat a poor fit of the energy spectrum, 
if a u iform rotational parameter is used for all the bands to include 
rotation particle c oupling consis ently. The ground state magLeilc 
morr;ent of Mg 25 IS given as 
-1.037nm 
for 1. = -4 (?)). Good agreement of the ground state to first excited 
sta .e E2 transItion rates is reported 
B E2 ; 5 / 2-;;> 1/2) :: 0.6x10- 52 cm 4 (Mg25) 
5.1 X 10- 52 4 (A1 25 ) 
(17.12) 
= cm 
(compare, however, the remarks of Ferguson et al. (Fe 60» , whIle 
the calculated reduced E2 transition prob a ility for the 5/2 -.)- 3/2 
0.98 MeV translt~ on of Mg25 
B(E2 ; 5/2 -7 3/2' = 0.54 X 10- 52 cm 4 (17 .13 ) 
is smaller cy a factor of approxirr.ate ly 6. ~ than the experime tal 
value. Theoretical E2 - M1 mixing ratlos for the de-excitation of 
he Mg 25 0.98 MeV stat e are 
[ (3i2 ~ 5/2 ) :: 0.029 
(17.14) 
cf(3 i 2 -? 1 /2) :: 0 . 12 
The first value does not agree well with experiment. The agreement 
of the second value could be accidental in view of the disagreement 
of calculated and measured E2 transition rates for this case. 
Only preliminary results of the asymetric core model are 
given for the mirror pai r Al25 and Mg 25 (Ch 63). Agreement of the 
energy valups IS poor, the magnetic moments of the ground states are 
-0.973nm 
3.68 nm 
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while the calculated quad rupole data are too small (facto r 3 - 10). 
Equal values for the lifetimes of the first excited states are obtained 
for A1 25 and Mg25 . 
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XvTl Results of the Core-Particle Coupling Model for Mg2~ a!:d A125 
a. Energy (Mg25 ) 
With the same procedure as described in Section B, 
Chapter IX, a good fit of the 1/2 , 3/2 , 5/2 states below 4 MeV was 
obtained for the following sets of parameters (all in MeV): 
Case (a) 
Q22(2) = - 9.86 
D2 = 3.00 
E 20 -6B = 2.28 
Case (b ) 
Q 2 2 (2 ) = 5.40 
D2 = 2.50 
E 20 -6B =-3.20 
D ' =-0.13 o 
Q20 (2) = -1. 96 
Db = 1. 05 
D' 2 
D' 2 
and the values (17. 2) for the parameter CL III both cases. 
= 0.40 
(18.1a) 
= O. 70 
(18.1b ) 
In comparison with the corresponding Ne 21 parameters we 
state (compare equation (9.16) ) 
Case (a) 
The parameter Q 22 (2) is increased by approximately 580/0, 
while the ratio \ Q20(2)/Q22 (2) I is smaller by about 690/0. The spin 
orbit coupling paramete r changes from 4 to 3, the spin c o re c oupling 
strength for the 1 = 0 states becomes s light ly negative (as c ompared 
with + 0.4 for Ne 21 ), while the corresponding parameter fo r the 1 = 2 
states does not vary much. The parameter E 20 given for Ne
21 can 
be interpreted as representing the quantity E 20 - 6B. If we assume 
a value of E 20 :::::. -1. 00, which is close to the 0
17 estimate , values of 
J.l A;, 0.07 
J.l ~ 0.36 
can be obtained for the equivalent Nilsson model parameter from 
the re lati on 
/J. = 
2B 
D 
(18. 2) 
(18.3) 
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compare reference (Ni 55), equations (2) and (12a». 
Case (b) 
Both Q22(2) and Q22(4) decrease in absolute magnitude by 
45% and 600/c respectively. Furthermore Q22(4) changes sign. The 
ratio \ Q20(2) I Q22(2) I decreases by approximately 410/c. The spin 
orbit coupling parameter changes from 3.3 to 2.5. The spin core 
coupling parameters show little variation from the Ne 21 values. 
The values of fJ. for E 20 = -1. 00 are 
fJ. -;:;:. 0.03 
(18.4) 
fJ. s:::. -0.29 
The change of sign in this parameter should be noted. (Further 
discussion of these results will be given under part c. of this chapter)_ 
The energy levels for the parameters (18. 1) can be listed 
as fo llows: 
Case (a) 
J = 1/2 0.590, 2.639 (MeV) 
J = 3/2 0.977,2.766, 6.493 (MeV) (18.5a) 
J = 5/2 o 1. 92 7, 4. 62 6 , 7. 8 94 (Me V) 
Case (b ) 
J = 1/2 0.585, 2.565 , 12.606 (MeV) 
J = 3/2 0.977,2.723, 3. 53 1 , 9. 524 , 14. 42 6 (Me V) 
(18.5b) 
J = 5/2 o 1. 968, 3.704, 4.805, 10.152, 
15.810 (MeV) . 
The levels below 4 MeV for the two cases are illustrated in Fig. 9. 
The agreement of these levels wi1h experiment is satisfactory, if we 
exclude the 3/2+ level at 3. 53 MeV in case (b). 
The expansion coefficients c J (j, K) of the final wavefunctions 
(3.43) for the six lowest states (J = 1/2, 3/2, 5/2) are given in 
Table XXII. 
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3.903 (3/2,5/25 
3.408 3/2-
3.399 (9I2f' 
2.766 3/2"t 
---
~ 2.803 (3/21 5/2)' 
2.639 1/2-4 2.736 
2.565 1/2"T 
1.927 5/2-+ 1.962 5/2+ 
---
1.611 (712)-+ 
0.C171 3/2+ 0.976 3/2+ 
0.590 lIt + 0.584 '/2 
0 5/t 0 5'2 
-
(a) exper. 
FIGURE 9 
" 
" 
" 
" 
? 
--
-
3:704 
3.531 
2.723 
2.565 
1.968 
0.977 
0.585 
0 
5/~ 
3/~ 
3/~ 
'll 
SIt 
3/2+ 
'It 
5/~ 
( b) 
Comparison of the calculated energy values of Mg 2 5 (cases (a) and (b)), 
with the experimental values given by Endt and van der Leun (En 62). 
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TABLE XXI! ExpansIon coefficient s c J (j, K) for Mg 25 
,---
Case (a) Case (b ) 
J J K E IvIeV c J (j K) E MeV cJU , K ) 
1/2 5/2 1i2 0.590 ............. 0.585 O. 63040 
3 / 2 1/2 0.37178 -0.17311. 
1/2 1/2 O. 92832 O. 75672 
5/2 1/2 2. 639 ................ 2.565 0.74597 
3/2 1/2 O. 92832 -0. 13461 
1 /2 1/2 -0.37178 -0.65223 
3 /2 5/2 3/2 0.971 ............... 0 . 977 0.13581 
1/2 ......... ...... 0.546 99 
3/2 3 / 2 0 . 13306 O. 04722 
1/2 0. 89256 - 0.23308 
I 
1/2 1/2 0.43085 0.79107 
5/ 2 3 /2 2.766 ...... ,. ........ 2. 723 0 . 66452 
1 /2 ................ 0.41985 
3/2 3/2 -0.0941.7 0. 38809 
1/2 -0 .42136 -0.12547 
1/2 1/ 2 0.9019 9 -0.46453 
5/2 5 / 2 5/2 0 0 . 99834 0 O. 99338 
3/2 ................ 0.04085 
1 / 2 ............... 0.02839 
3/2 3/2 -0.05575 -0 . 10167 
1/2 -0.01357 -0 . 01688 
1/2 1/2 -0.00455 0.01017 
5/2 5/ 2 1. 927 0.01065 1. 968 -0.02622 
3/2 .... ,. ........ 0.33949 
1/2 .......... .. .... O. 77341 
3 / 2 3/ 2 0.05069 O. 16858 
1/2 0.25123 -0 .14346 
1 i 2 1 / 2 O. 96654 0. 48701 
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b. Transitions a nd Moments (A1 25 , Mg 25 ) 
For the calculations of the moments and t rans ition rates of 
Mg 25 and A1 25 , we will use the following parameters. 
1. To obtain the experimental value of the magnetic moment of the 
2. 
Mg 25 ground state gyromagnetic factors 
gc = O. 534 
g = 0.483 
c 
(case (a)) 
(case (b)) 
are required for the core contributions. The agreement with 
the Z/A value of 0.5 is very good. 
(18.6) 
- 25 2 Preliminary quadrupole parameters (in 10 cm) for case (b) 
Q(2,20) = 3.54 
Q(2,22) = 2.34 
(18. 7) 
Q(2,42) = 2 . 30 
Q(2,44) = 3.45 
with 
b 2 = 0.51 
are determined from the ground state quadrupole moment of 
Mg 25 and the E2 transition data for the de-excitation of the first 
excited states of A1 25 and Mg2 5. Furthermore, we accepted the 
value (17.4) for Q(2, 20) and employed the restriction 
Q(2,22) ~ Q(2,42) , (18.8) 
which was found for Ne 20 /Ne 21 . The assumption (18.8) should 
be quite reasonable, as the values of Q(2, 20) are in close agree-
ment for Ne 20 and Mg24. It is interesting to note that under these 
conditions, the remaining parameters for the Mg24 core resemble 
the Ne 20 values very closely. 
If we approximate the final A125 wavefunctions by the Mg25 
wavefunctions (see Introduction D, Chapter XVI), we find with the gyro-
magnetic factors (18.6) and the values (18.7) for both the cases (a) and 
(b) the th ~ oretical results given in Table XXIII. 
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I --I (a ) (t ) J J1 
Mg 25 A1 25 Mg25 A125 I 
I 
5 5 
- - f.1 -0.855 3.650 -0.855 3.566 nm 2 2 
QIVI 0.221 0.182 0 . 220 O. 174 -24 e 10 em 2 
log ft ({3+) 3.56+0.01 3.58 ± 0.02 
1 5 
- - 1: 10- 9 sec 2 2 128 2.83 5.02 2.58 
3 5 
LE2 10- 10 sec - - 96. 2 1 54 5.67 0 . 32 2 2 
r-
!..M1 2.24 1. 63 2.48 2.02 10- 12 sec 
d" "'0.015 ... 0.011 "'0.07 z 0.25 
3 1 
lE2 1. 86 10- 9 sec - - 0 . 27 1. 21 0.50 2 2 
LM1 124 16 .3 7.30 2.87 10- 11 sec 
~0 . 82 ~O. 77 Ao<O . 24 -;l:;0 . 24 
i I 
3 log ft (f3+ ) 5 . 32 ± 0.02 + i I - 5 . 80 .!. 0 . 02 I 2 
T(3/2-»- 5 / 2) 
332 62.5 27.8 14.3 T ( 3 / 2 -» 1i 2 ) 
5 3 10- 50 2 
2 2 B(E2) O. 163 0 , 033 em 
5 1 10- 50 em 4 
2 2 B(E2) 0.607 0.364 
5 5 B(E2 ) 0 .583 763 10- 54 em 4 - -2 2 
TABLE XXIII 
Calculated values of transitlon rates a nd moments for 
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The A125 g round stace data compar e qui t e WE:ll wi th Th E: 
corresponding experimental A127 values gi ven in equation (17. 10 ). 
No ag r eement fo r the lifetime of the first excited Mg 25 state can be 
obtained in case (a). As t he core contribution is very small in this 
case, no reasonable adjustment of the par ameters (18.7) could give an 
improvement. Had we us ed an effective charge e Z/A for the outside 
neutron instead of e Z / A 2 (compare Chapter IV, equation (4 .4)), a 
better a gree ment with experiment c ould be obtai ned. But I as pointed 
out before, this would not be c on s istent with t he picture of a spherIcal 
c o re . 
On the other hand, the corresponding lifeti me of A1 25 gives 
quite g ood agree me nt, which would deteriorate if we us e t he effective 
proton charge (1 + Z / A ) e. So t h e situation encountered with the ilsson 
model (Fe 60) is found in case (a). 
The s ituati on does not l ook very favou rable for the decay data 
of the second excited state with J = 3/2. In case (a) a deviation by a 
factor 50 from t h e expenmental value is obtained for the E2 transition 
to the ground state a d the Ml - E2 m ixing ratios c ompare very poorly 
with e xperiment. Th situation is better i n case (b), where the factor 
i s only 3 and the mixing r ati os look mor reas onable. 
From the experimental m ixing ratios of the 3/2 -> 1/2 and 
3/2 ~ 5/2 transitions and their branching ratio, we can infer the 
relations 
T(E2 ; 3/2 -) 5/2) +13 . 1 
T(E2 - 3/2 1/2) ~ 3.9 3. 8 ~ -
(18.9a) 
T(M1 3/ 2 ~ 5/2) 
1. 1 ± O. 3 T(M1 3/2 1/2) = ---,» 
The theoretical values are 
0.1 9 (E2), 553 (Ml) i n case (a) (18 .9b ) 
and 
2. 14 (E2) , 29.5 (M1) in case (b) . (18.9c) 
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The agre ment 0 the ratios of the electric transitlon probablhtles 
is quit good in case (b), while the M1 transitions are not given so 
we] l. In case (a) , the ratio for the quadrupole transitions falls just 
wi thin the lower limit , while the M1 transitions disagree very markedly . 
No attempts have been made to calculate further M1 transitions. 
For possible comparison with experiment the reduced E2 transition 
probabilities of the 5/2+ state are given for case (b). 
As the 7/2+ states are not considered here, no exact theoretical 
values for the relatIve p robabilities of f3+ branches can be given. 
However, good agreement of the log ft values for the 5/2 -4 5/2 and 
5/2 ~ 3/2 transitions with the available experimental data is obtained 
(using equations (10.16)). The probability of the ground state - ground 
state transition can rou ghly be estimated as 99%. 
c. DiscusslOn D 
Comparison of the admixture of the "strong coupling wave-
functions II I J , j K) In the final states reveals a marked difference 
for the two cases (a and (b). (See Table XXII). In case (a), we find 
that the lowest six (J = 1 / 2 , 3/2,5/2) states are nearly pure In j, K 
(maximal impurity 20% ), while in case (b) all the final states except 
the ground state are strongly mixed. This is in contrast with the 
situation encountered for e 21 , where most of the lower states showed 
a similar structure in the two cases. The results in case (a) would 
correspond more closely to the interpretation of Mg 25 in terms of the 
rotational model, where the assumption of relatively undisturbed bands 
is made. 
The overall results, however, seem to be better for case (b) , 
if we can assume that none of the lower states is to be excluded. 
Where comparative data are available, fair agreement of the calculated 
values (except M1 transit i on rates) with experiment is found for very 
reasonal:. 'le core parameters. 
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The relatively i.arge changes in the parameters of the Hamiltonian 
are not easily understood. The decrease of the spin orbit coupling para-
meter has a possible counterpart in the p-shell, where a small value is 
suspected for A = 9 (compare (El 57, p. 341 ff)), but it contrasts with 
the Nilsson model calculations, where a highe r value of the spin orbit 
coupling is employed for Mg 25 ( ~ = 0.1 in Bhatt's calculations). The 
change in sign in the parameter Q22(4) would indicate that the harmonic 
oscillator density distributions of Chapter XIlb are not a good approxi-
mation for the core, as for all the ty pes of forces investigated, a positiv e 
ratio of Q22(4)/Q22(2) was obtained. The form (2.14) for the long range 
force does not seem to be justified, as we have quite an increasing 
deviation of the ratio I Q20(2) / Q22(2) I from the estimate of O. 9, while 
at the same time the s ingle particle c ont ributions to the quadrupole 
features , which a re also p r oportional to r~ , do not show any marke d 
variation from the N e 21 values. 
The par ameter of the additional te r m 12 of the Hami ltonian is 
larger than the value of 0.167 us ed in the Nilsson model calculations 
for Mg2 5. Bhatt, however , employs a v alu e of O. 33 for A l2 7 with a 
better fit of the energy levels. It i s intere s ting t o n ote that in c ase (b) , 
a negati ve parameter f.-l is required, for we also have a quadrupole-
quadrupole interaction parameter with opposite sign to the conventional 
collective model term in thi s case. 
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E. SUMMARY 
The results of the proposed model for the nuclei investigated 
compare favourably with the results of other models. The characteris-
tics of the low lying states are well described with the exception of the 
M1 transition rates. Examination of the possible modification of the 
static magnetic dipole moment operator in terms of various models 
for exchange contributions, would be warranted by the sensitive depen-
dence of the transition rates on the detailed structure. 
As the proposed model does not make use of any detailed 
"illustrative II concepts, the determination of the parameters rests 
solely on the process of fitting the experimental data. In this sense 
the given parameters are only pre liminary. It seems, however, that 
a reasonable correction of the experimental situation could be accom-
modated. 
Experimental methods would need further improvement to 
allow the possibility of extracting all the core parameters with good 
accuracy from experiment. Only wi th accurate values of these para-
meters could the quali ty of the picture of an undisturbed core be tested 
stringently. At present we find thi s approximation adequate for the 
coupling of particles, while there is indication that it is not so good 
for the coupling of holes. 
Once a sequence of parameters is established for successive 
nuc lei, a closer investigation of the possible analytical forms of the 
radial wavefunctions and the radial parts of the Hamiltonian could be 
attempted. 
Generally , the proposed model shows all the qualitative 
features of the collective models, although the basic assumption of a 
spheroidal shape is not applied here. The symmetry of the odd-A 
nuclei is determined by the single particle motion , while the lowest 
"band II of the even-even nuclei is supposed to be sphe r ically symmetric. 
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To account for this interpretation, the effects of t he pai ring force s 
would have to be of equal Importance throughout the shells, in contrast 
to the collective model picture, where the specific nuclear shape can 
be said to arise from the dominance of the deforming power of the in-
dividual nucleons over pairing. 
With the proposed interpretation, some of the higher bands of 
even-even nuclei, which exhibit a symmetry of motion (dependence on 
a quantum number K), could possibly be visualised by appropriate 
coupling of hole-particle excitations to the ground state band. The 
appearance of rotational spectra depends on the magnitude of the ro-
tational parameter C. The variation of this magnitude should depend 
on the variation of the (spherical) nuclear density distribution so as 
to give the highest values for closed shells. In this instance formation 
of particle -hole states dominates over the simple rotational excitations. 
As the different bands in our case can be classified by the total 
angular momentum of the particle j in addition to the projection quantum 
number K , di rect comparison with, e. g. , the Nils son model, is not 
possible. 
In the s -d shell general intermixing of the bands is found and 
the perturbation approximations given in Chapter III cannot be applied. 
This is to be expected in view of the relatively large r otational parameter 
C in this case. 
Besides the applications presented here, the proposed model 
should prove useful in the interpretation of other features such as the 
similarity of a-decay characteristics between neighbouring even-even 
and odd-A nuclei, the "collective" effects in giant dipole resonances, 
etc. 
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NOTE 
While t his thesis was in the p r o cess of preparation, the 
following papers relating to the material presented here , were 
published . 
1. "Negative Parity States of FI9 . " M . Harvey f Nuclear Phy s . , 
g . 542 (1964). 
This pape r gives a more detailed a ccount of the results 
reported in reference (Ha 63 ). 
2. "Quadrupole Moment o f the Second Excited State of F 19. " 
K . SugImoto , AMizobuchl a nd K. Nakai, Phys. Rev .. 
134B , 539 (1964). 
A revised v a lue of 
IQM I = e(0 . 11~20%))(10-24cm2 
is given instead of e 0.13" 10- 24 cm 2 from the refe rence 
(Su 63). As ' he quoted errors include t he latter value, no 
revision of the p resented c a lculati ons i s attempted. 
3. "Eve n Parity States of Ne 21 and a 21 . II J.R_ Roes s er and 
J.P. David son, Bull. Am . Phys. Soc-.• (2 ) 9,416 (1964). 
No detailed results are given in this abstract. A com-
bination of the rotational model of reference (Ch 63) and 
the {3 vibrational model of Davy dov and Chaban (Nuclear 
Phys. , 20, 499 (1960)), i s employed, 
(Ab 58 ) 
(Aj 59) 
(Aj 61) 
(AI 51) 
(An 60) 
(An 61 ) 
(Ba 59 ) 
(Ba 60) 
(Ba 62 ) 
(Ba 63) 
(Be 37) 
(Be 59 ) 
(Be 63 ) 
(Bh 62 ) 
(Bi 52) 
(Bi 59 ) 
(Bi 60 ) 
(Bo 52) 
(Bo 53 ) 
(Bo 60 ) 
(Br 56 ) 
(Bu 51? ) 
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